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OTOGENIC COMPLICATIONS. A RESUME AND 
DISCUSSION OF THE LITERATURE FOR 1938. 


Dr. LYMAN G. RICHARDS, Boston. 


By the term otogenic complications are commonly under- 
stood those forms of infection which, originating in the 
middle ear, or its adjacent mastoid structures, by extension 
come to reach either: 1. the meninges and subarachnoid 
spaces; 2. the labyrinth; 3. the brain; 4. the lateral sinus and 
its various subdivisions; and 5. the petrosal pyramid. In sum- 
marizing the rather voluminous literature on the subject of 
such complications it is convenient to subdivide them accord- 
ing to the particular region thus affected. 


MENINGITIS. 


The numerous articles available on this particular subject 
bear vigorous testimony to the remarkable progress made 
in the treatment of this heretofore almost hopeless con- 
dition, primarily through the utilization of the new drug, sul- 
fanilamide. Case after case appears with reported recov- 
eries in which the vital factor utilized in conjunction with 
appropriate surgery appears to have been this heaven-sent 
drug. As a result of this, there has been a renewed inter- 
est in the study of otitic meningitis as a whole, and a 
greater effort has been made to solve the problem of early 
diagnosis and ideal surgical treatment. Dwyer’ considers as 
a primary object of surgery the removal of the focus of infec- 
tion. Diagnosis is all-important in the decision as to whether 
meningitis is present and, if so, of what nature. The latter 
question is best answered by an examination of the spinal 
fluid, which should be physical, chemical, cytological, sero- 
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logical and bacteriological. The fluid must be examined as 
soon as possible and placed in a tube sealed with melted par- 
affin after first dividing it into two parts, one for bacteriolog- 
ical and the other for a clinical examination. 


1. The physical examination includes estimate of color and 
turbidity. Cloudiness is due to tissue reaction and the exuda- 
tion of cells. If the organism simply irritates the subarach- 
noid space, there appears an exudation of leukocytes and a 
cloudy fluid, but no bacteria until the latter break through into 
the subarachnoid space. 


2. The chemical examination includes an estimation of the 
amount of carbohydrates, the amount of globulin, the amount 
of lactic acid. 


3. Cytological examination estimates the number of cells 
and their characteristics, whether lymphocytes or polymor- 
phonuclear leukocytes. The cellular examination is of par- 
ticular help in estimating the presence of tuberculous or 
syphilitic meningitis. Tubercle bacilli may be detected by a 
special technique, and serological tests are appropriate in 
detecting syphilis. 


4. The bacteriological examination is important to deter- 
mine the exact nature of the organism if present. It is essen- 
tial to include meningococcic infection in consideration of 
otitic cases since it is, of course, nonoperative. To avoid fail- 
ure in cultivation of the organisms, 1-2 cc. of a centrifuged 
specimen should be planted on appropriate media. Examina- 
tion of the blood shows a high Idjfjocytosis in meningitis 
together with a high polymorphonuclear percentage. Menin- 
gitis may be of a fulminating, acute, subacute or chronic type 
and may be the resultant of infection in such places as the 
petrous pyramid, which has been reached by blood stream 
infection rather than by direct continuity. 


Friesner and Rosenwasser? feel that any operation designed 
for the sole purpose of drainage of the cerebrospinal fluid 
system must necessarily fail. Streptococcal exudate may 
appear in the walls of the basal cistern even when this is 
effectively drained, and it must be always remembered that 
meningitis may be an incidental and not an etiological factor. 
Operation should not be delayed if otherwise indicated simply 
because of the lack of definite findings in the spinal fluid. 
The authors have found petrous pyramid suppuration to be 
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the most common pathway of extension to the meninges. They 
prefer to divide the cases into meningitis which is secondary 
a. to infection in the labyrinth; b. to sinus thrombosis and 
phlebitis; and c. to infection of the middle ear, mastoid and 
petrous pyramid. In infection of the labyrinth, prompt laby- 
rinthectomy is indicated with inspection of the dura of the 
middle and posterior fossae. The mortality is higher in acute 
than in chronic cases and repeated examinations of the cere- 
brospinal fluid are indicated. Where meningitis originates 
from a sinus thrombosis or phlebitis, it is important to get 
widely beyond the limits of the disease, both proximally and 
distally, and to lay the sinus widely opened. If the bulb is 
thrombosed, it should be irrigated with Dakin’s solution, a 
procedure possible by the introduction of a soft catheter 
through the horizontal portion of the sigmoid into the bulb. 
In meningitis originating from infection of the middle ear, 
mastoid or petrous pyramid, a complete mastoidectomy is first 
indicated. Great care should be taken in searching for leads 
into the petrous pyramid, peribulbar cells and zygoma, and 
in the region of both the superior and posterior semicircular 
canals. The authors see no object in opening the dura. 


er 


Kopetzky*: ** has long been known as a tireless and produc- 
tive worker in the field of otitic meningitis. In a general 
consideration of this subject, he comes to the following con- 
clusions: Surgical drainage of the meninges is not the answer 
to the problem because of the multiplicity of foci spreading 
along the route of many pial vessels. The cerebrospinal fluid 
must be kept circulating and anything preventing this defeats 
the objective. Repeated small blood transfusions are the best 
means of maintaining a normal chemistry of the spinal fluid 
and promoting its active circulation. Best results occur in 
those cases in which the clinical picture is not too stormy and 
where pressure signs predominate over those of infection. 
Kopetzky attaches great importance to the removal of any 
bony focus surgically by breaking up the continuity of the 
skeletal dural vessels and thus interrupting infection which 
may pass along them. Like many other authors, he attaches 
great importance to a complete study of the spinal fluid. This 
includes not only an estimate of the amount of carbohydrate 
and sugar-reducing substances present and the amount of 
globulin and albumin in the fluid, but also an estimate of the 
lactic acid content as compared with that of the blood. Nor- 
mally, there is a ratio between these of one to one, but in 
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meningitis the lactic acid ratio in the spinal fluid and in the 
blood will frequently be three to one. Whereas there are nor- 
mally more chlorides in the spinal fluid than in the blood, in 
meningitis this relationship is more nearly equal. There is 
also a decrease of meningitis in the bicarbonate content of the 
spinal fluid. The Ph of meningitic spinal fluid is lower than 
normal, and is lower in the spinal fluid than in the blood. 
Kopetzky feels that it is important to realize that not all spinal 
fluid changes indicate meningitis. Often in uncomplicated oti- 
tis and acute mastoiditis there will be some rise in the cell 
content of the spinal fluid, but the chemistry is normal, there 
are no bacteria present, and the pressure is either normal or 
only slightly elevated. A weak protein reaction may pos- 
sibly be found. With epidural suppuration there may be an 
increased number of cells but the chemistry is normal and the 
fluid again abacterial. In uncomplicated petrosal apicitis, 
there may be an increase in the cell count, and in sinus throm- 
bosis, 50 per cent of the cases may show an increase in spinal 
fluid leukocytes, with polymorphonuclears often predominat- 
ing and with some chemical abnormality. In the presence of 
brain abscess there may be a high spinal fluid cell count, 
abnormal chemistry and many bacteria unless the abscess is 
well walled off, in which case the fluid may be clear, with 
normal chemistry and an absence of bacteria, but with fre- 
quently an increase in pressure. The appearance of turbidity 
means that the abscess has ruptured or is leaking into the 
subarachnoid space. All these findings are evidence of men- 
ingeal invasion. Globulin and albumin will be found in traces; 
there will be a slight decrease in the amount of carbohydrate 
present; chlorides, carbonates and Ph are usually normal. 
The lactic acid ratio may be slightly increased and the clinical 
picture may be stormy, but there is as yet no evidence of true 
meningeal tissue reaction. The case is still one of meningeal 
invasion. 


A true meningeal infection is indicated by gradual diminu- 
tion of the carbohydrate contents, the positive presence of 
pathogenic bacteria, the gradual drop of the Ph of the spinal 
fluid, of the chlorides and the carbonates. The lactic acid 
ratio as compared with the blood gradually approaches three 
to one. More and more albumin and globulin are present. 
Spinal fluid becomes turbid or slightly purulent and the pres- 
sure rises. The clinical signs of headache, photophobia, etc., 
begin to appear. 
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The principal indication is a careful search of every portion 
of the temporal bone to locate the focal lesion which Kopetzky 
feels may often lie in the petrosal pyramid. Many cases may 
be seen too late to be amenable to surgery. He advocates the 
removal of all bone on the visceral side of the mastoid process, 
including the tegmen celluli, the tegmen tympani, and even 
the mesial wall of the petrosal pyramid. The author is a 
strong advocate of the use of sulfanilamide as better than any 
serum or vaccine. He warns against the formation of meta- 
hemoglobin, which he feels is best combated by the intra- 
venous injection of 1 per cent solution of methylene blue in a 
dosage of 1 cc. per kilo of body weight. He has found this 
drug also effective in type III pneumococcal infection. He 
stresses the importance of frequent sulfanilamide estimates in 
the blood and describes a technique requiring only a few drops 
of blood for its execution. 


Yaskin‘ encountered 123 cases of bacterial meningitis in 
17 years, of which 37 were the result of infection in the tem- 
poral bone. One-half of these latter were due to the hemolytic 
streptococcus. The author stresses the importance of differ- 
entiating this type of meningitis, both from meningococcic 
meningitis and tuberculous meningitis. Moreover, he feels 
that bacterial meningitis may not infrequently be confused 
with such conditions as cervical adenitis, retropharyngeal 
abscess, meningismus, virus disease, hemorrhagic conditions, 
syphilis and aseptic meningitis, and that it may at times 
appear as a meningeal syndrome, etiologically unrelated to the 
ear and hence requiring quite different and appropriate clin- 
ical attention. 


Meningitis of pneumococcic origin has always held for the 
clinician an outlook of the utmost gravity, particularly before 
the advent of sulfanilamide and its derivatives. Garfin® 
stresses the often mild initial symptoms of a pneumococcus 
otitis and the possibility of a prolonged period of remission 
before the advent of subsequent mastoid complication. He 
reports a case of a boy, age 10 years, who was the first on 
record at the Boston City Hospital to recover from an otitic 
meningitis due to the type III pneumococcus. He feels that 
recovery was greatly aided not only by sulfanilamide but by 
the use of an antibody in the spinal fluid prepared as follows: 


1. Complete and frequent drainage of the spinal fluid. 
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2. Rapid identification of the pneumococcus and its type, 
and the intravenous administration to the patient of a suffi- 
cient amount of specific antipneumococcic serum to establish 
a balance of antibodies in the blood. 


3. A fluid intake by whatever route is necessary to secure 
adequate amounts of spinal fluid for drainage. 


4. Removal of from 5 to 10 cc. of the patient’s blood, with 
rapid separation of the serum; and 


5. Removal of spinal fluid and intraspinal injection of this 
immune serum. This procedure is repeated at subsequent lum- 
bar punctures until the fluid returns to normal. Transfusions 
were given after the first week of sulfanilamide therapy to 
combat anemia, and were repeated until the drug was discon- 
tinued. This method was supplemented by a radical mastoid- 
ectomy and by the use of sulfanilamide, but it was noted that, 
in spite of clinical improvement, the spinal fluid did not 
become sterilized until after the intraspinal injection of the 
patient’s own serum, which had developed antibodies for the 
type III pneumococcus. 


The literature of the past year is replete with reported 
recoveries in authenticated cases of otitic meningitis after 
the administration of various forms of sulfanilamide. From 
these reports, in spite of the accessory therapeutic procedures, 
such as varying types of operation and other forms of medical 
treatment, it is manifest that this drug is fast becoming a 
boon to the otologist and permitting him to save the lives of 
patients in a manner formerly quite impossible. Granted that 
the drug has potential dangers and must be administered 
intelligently and cautiously, nevertheless, the following sum- 
maries indicate quite clearly the tremendous field of useful- 
ness which it is fast coming to occupy in the treatment of this 
heretofore well-nigh hopeless condition. 


Jackson® reports the case of a girl, age 6 years, who devel- 
oped acute otitis media, which was followed by mastoiditis, 
for which she was operated upon. A week later there devel- 
oped pain in the ear, vomiting, right external rectus weak- 
ness, but no elevation in temperature. Two days later.there 
was right frontal headache and reflexes were increased. This 
was shortly followed by stiffness of the neck, positive Kernig 
sign, 6,000 cells in the spinal fluid, from which hemolytic 
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streptococci were later cultured. Patient was put on a Brad- 
ford frame, with continuous intravenous drip of glucose and 
spinal drainage every two hours. Intensive sulfanilamide 
therapy was started. X-ray showed a lesion of the petrous 
pyramid anterior to the superior semicircular canal. At sub- 
sequent operation an infected cavity was found just anterior 
to this point. Drainage of this was followed by complete 
recovery with normal hearing. 


Cline’ recounts the case of a patient, age 5 years, who, fol- 
lowing an acute otitis media and simple mastoidectomy, devel- 
oped signs of acute labyrinthitis in 48 hours. The patient was 
treated with sulfanilamide with temporary improvement, ces- 
sation of fever and disappearance of the nystagmus. Within 
the next few days there was an increase in headache, with 
vomiting and fever but no stiff neck or other positive signs 
of meningitis. Nevertheless, a lumbar puncture showed a cell 
count of 3,000, with hemolytic streptococci present both in 
smear and on culture. The author raises the interesting ques- 
tion as to whether the sulfanilamide given for the evident 
labyrinthitis masked the symptoms of meningitis and more 
particularly kept it localized. At no time was there stiff neck 
or positive Kernig sign. The subsequent treatment included 
a radical mastoidectomy with wide exposure of the dura and 
the administration of sulfanilamide intraspinally, orally and 
by clysis. This was followed by gradual improvement and a 
return to normal in the condition of the spinal fluid over a 
period of 10 days, with ultimate complete recovery. 


Halphen* and his associates report the case of a boy, age 
11 years, with otitic meningitis of a severe degree, with spinal 
fluid containing hemolytic streptococci, in which cure was 
obtained by massive doses of sulfanilamide, both by mouth and 
intraspinally. The authors stress the importance of surgical 
removal of a focus of infection in conjunction with the admin- 
istration of sulfanilamide, the doses of which must be large 
and must be continued until all signs of cerebrospinal infec- 
tion have passed. Otherwise, remissions are likely to occur. 
In spite of the large dosage, no untoward effects from the 
drug were noted. though the authors call attention to the cus- 
tomary precautions which must be taken in its administration. 
The fear of intolerance or complication or accident, however, 
must not deter one from giving the drug in adequate doses. 
While apparently not yet as popular on the Continent as in 
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this country, sulfanilamide is, nevertheless, being used more 
and more abroad. 


Hubert’ reports four cases of postotitic meningitis, three of 
streptococcic origin and one due to the pneumococcus, in which 
recovery followed the administration of sulfanilamide. In all 
these patients the organisms were identified in the spinal fluid. 
Previous to the use of this drug, in 100 cases the author had 
seen only one cure of similar infection. In one of the present 
cases the patient was almost moribund when treatment was 
begun, and in this instance intraspinal injections of sulfanila- 
mide were added to the medications by mouth. In two other 
cases, frank meningitis was present on the second day, even 
before there was gross evidence of an otitis. The author sus- 
pects that the dosage was larger and more frequent than 
might have been necessary, but his elation in the complete 
recovery of these four patients is ample testimony to his belief 
that without the use of sulfanilamide not one of them would 
have recovered. 


Recovery in what is supposed by Smith’® to be the first case 
of meningitis due to anerobic beta hemolytic streptococcic 
infection is reported as due to the use of sulfanilamide. The 
patient was a girl, age 21 years, with an acute otitis media 
following a previous sore throat. Drum incision was followed 
by rapid improvement, with cessation of the discharge in 
10 days and complete abatement of symptoms. Two weeks 
later there was an acute exacerbation with left aural dis- 
charge, supraorbital pain and left temporal headache. The 
next day there were signs of an acute meningitis, the patient 
was drowsy, toxic and had a temperature elevation up to 103°. 
A left simple mastoidectomy was carried out without exposure 
of the dura or sinus. Intramuscular prontosil was adminis- 
tered, with marked immediate improvement. Five days later, 
however, headache returned with a septic type of tempera- 
ture, a stiff neck, diplopia and a positive Kernig sign. Thence- 
forth, 15 cc. of prontosil was given intramuscularly every eight 
hours. At this time the spinal fluid was cloudy, with 360 cells, 
an increased globulin and a positive culture of anerobic beta 
hemolytic streptococci. The prontosil was then increased to 
30 cc. every eight hours, subsequently followed by the oral 
administration of 60 gr. a day. Following two transfusions, 
there was a rapid subsidence of all symptoms, with complete 
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recovery. The author stresses the importance of growing 
hemolytic streptococci under anerobic conditions. 


Similar dramatic results from the treatment of otitic men- 
ingitis by the use of sulfanilamide are reported by Roberts," 
Law™ and by Martin'* and Ellenberg. 


A less common form of meningeal infection is that due to 
the influenzal bacillus, for which sulfanilamide has not here- 
tofore been enthusiastically recommended. Gordon,’* how- 
ever, reports the case of a boy, age 7 years, who, following 
spontaneous rupture of the drum, developed in a week’s time 
headache, nausea, vomiting, delirium and a temperature of 
103°. The patient was stuporous, had a stiff neck, a positive 
Kernig reaction and a cloudy spinal fluid, with 390 cells, which 
on culture showed Gram negative bacilli. At operation, diploic 
cells were found to contain droplets of seropus in various 
areas. The lateral sinus was uncovered but found uninvolved, 
the dura was exposed and showed a suggestive inflammatory 
reaction. The patient recovered completely after lumbar punc- 
tures every eight hours and the administration of sulfanila- 
mide, together with two transfusions. 


In reporting the cure by use of sulfanilamide of a boy, age 
6 years, with streptococcic meningitis, Sacks’ stresses the 
importance of complete removal of the primary bony focus. 
He believes that all limiting bone plate should be removed 
from the zygoma anteriorly to and beyond the sinus posteri- 
orly, and, likewise, that the nearest collection of cerebrospinal 
fluid should be evacuated by incision of the dura. This latter 
step in the operation has the support of many competent otol- 
ogists, but, on the other hand, it is thought unnecessary by 
equally competent operators. 


It is noticeable in the examination of many of these reports 
that sulfanilamide was administered intraspinally as well as 
by mouth. In a general discussion of the present status of 
sulfanilamide in the treatment of meningitis, Applebaum’’ 
expresses the opinion that there is no special advantage in 
the intraspinous administration of the drug. He feels that 
frequent small doses are equally as effective as less fre- 
quent large doses. Staphylococcic, influenzal and nonhemolytic 
streptococcic infections are far less amenable to sulfanilamide 
therapy, and in 30 cases of pneumococcic meningitis he had 
only four recoveries. None of these patients, however, was 
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treated with pneumococcic serum as advocated by Garfin.’ In 
26 cases of meningitis due to the hemolytic streptococci, there 
were 21 recoveries, the affection being due, in all but two, to 
an aural lesion. The amazing progress that has been made 
along these lines is clearly evident in the figures submitted, 
which show that prior to 1936 there had been only 15 reported 
recoveries in 274 cases of streptococcic meningitis. The author 
feels that subarachnoid drainage, repeated lumbar punctures 
and cisternal or ventricular punctures are fully as effective as 
laminectomy or trephining of the cisterna magna. 


That even the most desperate cases of otitic meningitis will 
often yield to prolonged and intensive sulfanilamide therapy 
is evident by Diehl’s'’ report of the case of a boy, age 15 
years, with an acute otitis media, with spontaneous drainage 
continuing for three weeks. The patient gradually became 
stupid and irritable, complaining of severe headaches and 
exhibiting an elevated temperature, vomiting, and a left inter- 
nal rectus paralysis and stiff neck. Spinal fluid was under 
increased pressure, was cloudy, contained 6,000 and later 
9,500 cells with a positive smear for the hemolytic strepto- 
coccus. During the next month, patient was critically ill, 
underwent 19 spinal punctures, with a total removal of 
between 500 and 600 cc. of fluid, and received between 1,000 
and 1,100 gr. of sulfanilamide, in addition to 800 cc. of trans- 
fused blood. His ultimate recovery was an illustration of what 
may be accomplished with this medication even in the most 
severe cases. 


It has long been the observation of many otologists that 
middle ear infection following the operation for tonsillectomy 
tends frequently to progress to mastoiditis, sinus thrombosis 
or even more dangerous complications. Exemplifying this sit- 
uation is the case reported by Smith and Scott of a boy, age 
6 years, who, following tonsillectomy, developed an acute otitis 
media. The next day he suffered a severe nasopharyngeal 
hemorrhage, requiring transfusion. Next in order followed 
fever up to 103° and the necessity for a right mastoidectomy. 
Following an improvement for six days with apparent recov- 
ery, fever recurred, with ultimate necessity of a left mastoid- 
ectomy. Following two weeks of improvement, fever recurred 
up to 103°, there was a stiff neck, positive Kernig sign and a 
turbid spinal fluid containing 2,300 cells with a positive cul- 
ture for the hemolytic streptococcus. With surprising and yet 
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possibly commendable boldness, the authors carried out a dou- 
ble modified Neumann operation. The patient was supported 
with transfusions and intramuscular administration of pron- 
tosil. The drug was administered every day and lumbar punc- 
tures frequently repeated. Ultimate recovery followed and 
the patient now hears a whisper at 18 feet. 


It has been manifestly impossible to study the effect of sul- 
fanilamide experimentally on human beings with otitic infec- 
tion. There has remained only the laboratory investigation 
with such animals as rats. As a result of their work with 
these animals, Adolph and Lockwood’ feel that since strep- 
tococcic meningitis is a cellulitis of the meninges, the chemo- 
therapeutic approach must logically be directed towards pro- 
viding the meninges and underlying tissue with an environ- 
ment unfavorable for their invasion by streptococci. They feel 
that this end can be achieved as well by giving sulfanilamide 
by mouth as by giving it intraspinally. The important factor 
is to obtain an adequate blood level. If, experimentally, the 
drug can be given coincident with the introduction of virulent 
organisms into the meninges and produce a typical alteration 
in the course of the disease, it might be expected to be even 
more effective in preventing infections spreading to this 
region. Hence, these authors feel that the practice of giving 
sulfanilamide to the patient with streptococcic otitis media 
and mastoiditis is to be strongly recommended, particularly 
when extensive surgical intervention may be required. This, 
of course, is at variance with numerous clinical opinions which 
express the feeling that under these circumstances the drug 
tends to introduce an element of confusion and to mask cer- 
tain clinical symptoms which would otherwise be of great 
value in determining the course of the disease. These authors 
feel that whether the initial lesion is cured by the sulfanila- 
mide is of secondary importance if further invasion is pre- 
vented. The drug does not act by promoting phagocytosis but 
by restricting multiplication of the organism and thus pre- 
venting invasion of the tissues and the blood stream. 


These numerous reports of the great success of sulfanila- 
mide do not, of course, shed any light on the possibility of 
cases equally well handled from a surgical and therapeutic 
standpoint in which. in spite of the adequate administration 
of sulfanilamide, a fatality resulted. Whether such cases exist 
in any considerable number and have merely not found their 
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way into the literature cannot for the moment be determined. 
Doubtless they have occurred, but, on the other hand, it is 
quite manifest that with the use of sulfanilamide a success 
in the treatment of otitic meningitis with appropriate surgery 
is being achieved in a degree which up until the time of the 
introduction of this drug was absolutely unknown. 


LABYRINTHITIS. 


In marked contradistinction to otitic meningitis, the com- 
plication of labyrinthitis, if the paucity of its literature is any 
criterion, seems rather to be on the wane. This is due, no 
doubt, to the more effective treatment of acute middle ear and 
mastoid infections at a time when they are amenable to con- 
servative surgery and before any extension to the labyrinth 
has taken place. 


A most informative and lucid discussion of labyrinthine 
infection is that of Cinelli.“ He considers the four prominent 
routes of labyrinthine infection to be: 1. A fistula through 
the round window; 2. a fistula through the oval window; 
3. a fistula through the bony capsule of the labyrinth; and 
4. extension through vascular channels. The common site for 
a fistula through the bony capsule is at the prominence of the 
horizontal canal, especially anteriorly. He believes that laby- 
rinthitis occurs in only about 1 per cent of all cases of middle 
ear infection and that it is not uncommonly associated with 
aural polypi. He divides the various forms of labyrinthitis as 
follows: 


1. Chronic Circumscribed Labyrinthitis: This condition 
may be caused by: a. Pressure atrophy or ulceration of the 
bone due to an accumulation of cholesteatoma. b. Purulent 
destruction or necrosis of the mucous membrane overlying 
the prominence of the canal with rarefying osteitis such as is 
seen in acute otitis or in an acute exacerbation of a chronic 
otitis. Erosion leads to a fistula and then to acute serous and 
purulent labyrinthitis, with its various acute exacerbations. 


In this type, healing is the rule before the development of 
the purulent stage with usual involvement of the horizontal 
canal. Circumscribed labyrinthitis is more common in the 
canal than in the cochlea. A feature of circumscribed laby- 
rinthitis is the retention of hearing, the attack lasting about 
a week and then passing into a chronic stage, at which time 
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the patient is usually seen. There may be attacks of intermit- 
tent vertigo. Functional examination of the cochlea reveals a 
conduction deafness. Rotation tests on the uninvolved ear are 
normal; on the affected ear show only a diminished nystag- 
mus, with caloric tests practically always negative. The fistula 
test, if positive, is important. With repeated attacks, this con- 
dition may go on for years to eventuate in: a. Complete 
healing with connective tissue and bone formation, with nor- 
mal cochlear and canal function intact; b. the development of 
a circumscribed lesion of the membranous labyrinth, with 
repeated attacks of vertigo; c. the development of a diffuse, 
manifest purulent labyrinthitis. 


2. Diffuse Manifest Labyrinthitis; a. Serous Type; b. Puru- 
lent: 


a. The serous type is an acute, nonpurulent inflammation 
of the labyrinth with hyperemia and diffuse exudation involv- 
ing the membranous labyrinth. It is at first difficult to dis- 
tinguish from the purulent form, but begins to subside within 
a few days, whereas in the purulent form the cochlear and 
vestibular reaction disappear completely. The average sup- 
purative form is usually preceded by a serofibrinous form due 
to the irritative action of bacterial toxins from the middle ear. 


b. Suppurative labyrinthitis involves the destruction of the 
nervous elements, the nerve fibres and the more resistant parts 
of the membranous labyrinth. Granulation tissue will be 
found invading the labyrinthine structures and attempting to 
raise a barrier against the spread of infection. In the rapid 
and more virulent form, this barrier fails, with resultant 
meningitis. The clinical picture is that of a horizontal and 
rotary nystagmus from all three canals, beginning on the 
affected side, later shifting to the opposite side, showing the 
death of the labyrinth. The patient is acutely ill, lying in bed 
with his eyes closed. He suffers a rotary vertigo which cor- 
responds in type to the same plane as the nystagmus, and 
he feels as though objects are rotating about him. He tends 
to lie on the sound ear, usually suffers from nausea and vom- 
iting. The temperature is not significant, usually not over 
101°, and headache is not a prominent symptom. Patient 
should be left alone and no test tending to spread the infection 
should be carried out, at least until the patient’s condition 
improves. In the latter event, one may do caloric and cochlear 
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tests, a negative response to which should awaken suspicion 
of a dead labyrinth. If the lesion is serous, hearing and ves- 
tibular reaction will reappear in three to four days. Barany 
is accustomed to wait eight days before calling the lesion 
purulent, in which case hearing and vestibular reaction will 
be completely absent. In six weeks the patient may feel quite 
comfortable and desire to get up, but he should be kept in bed 
three months. During this period the internal ear begins to 
fill with granulation tissue, which gradually changes to scar 
tissue and final calcification. Final healing occurs in about 
50 per cent of all cases of purulent labyrinthitis. Labyrinthitis 
occurring during the first 12 days in an acute otitis media is 


usually serous; if coming on in the third week or later, usually 
purulent. 


Serous, diffuse manifest labyrinthis usually eventuates in a 
normally functioning labyrinth, whereas the purulent type 
may end with a completely ossified and functionless labyrinth, 
if not in intracranial complications. 


3. Diffuse, Serous Induced Labyrinthitis: This type differ- 
entiates itself from diffuse manifest serous labyrinthitis ; first, 
because the latter usually complicates a chronic, circumscribed 
labyrinthis ; second, because it has prodromal vestibular symp- 
toms; and third, because the fistula test is always present. In 
the former, or induced type, there is no relation to a chronic, 
circumscribed labyrinthitis; there are no prodromal vestib- 
ular symptoms, the onset being sudden; and the fistula test 
is always negative. It usually occurs either following an acute 
purulent otitis media or in cases of an unhealed radical mas- 
toid operation or a short time following the radical operation, 
usually one or two days later, quite suddenly, just as the 
patient begins to feel better. 


4. Latent Purulent Labyrinthitis: Here there is usually a 
history of an attack of previous diffuse, manifest purulent 
labyrinthitis. The patient may at the moment feel fine, with 
no symptoms except a chronic running ear with deafness. 
Functional tests show this to be complete and indicate an 
absence of the caloric reaction without fistula symptoms. If 
there is still a reaction indicating vestibular activity on the 
diseased side, final ossification has not yet set in. Ultimately 
the good ear will assume all the function from the affected 
side and thus compensate for the unilateral lesion. 





ait IS 
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In an article discussing the clinical aspects of labyrinthitis, 
Wails** considers that retrograde labyrinthitis secondary to 
an already existing meningitis is a practically hopeless condi- 
tion. If, however, labyrinthitis starts from a middle ear 
infection, it is of the greatest importance to check it before 
it creates a purulent meningitis. Spontaneous nystagmus, 
severely impaired hearing, marked tinnitus and vertigo would 
all be suspicious of a labyrinthine complication. 


Cirecumscribed labyrinthitis may be traumatic, serous or 
purulent. It may affect only the bony capsule and irritate 
the endothelial membrane by continuity or the latter may 
actually be invaded. Treatment of a circumscribed labyrinth- 
itis, if too vigorous, may easily convert it into an acute form 
as, for instance, in a radical mastoidectomy. Serous laby- 
rinthitis may simulate Méniére’s syndrome and is often the 
result of a systemic toxicity or focal infection. Purulent 
labyrinthitis may be the result of trauma or an extension of 
a circumscribed labyrinthitis. Initial signs are those of 
marked labyrinthine irritability with nausea, vomiting, deaf- 
ness, tinnitus and headache. With gradual death of the laby- 
rinthine structures, the activity of the good ear predominates 
and the nystagmus will be to the side of the latter. Serous 
labyrinthitis secondary to acute otitis media may often be 
cured by a simple mastoidectomy, that secondary to chronic 
otitis media by radical mastoidectomy. If the latter fails, 
opening of the labyrinth is then indicated. Purulent acute 
labyrinthitis will always be manifested by some irritation of 
the meninges with a cloudy spinal fluid and increased 
cell count and a reduction in the carbohydrate contents. 
Organisms may or may not be present. Even then a rad- 
ical operation is not necessarily indicated if a delay shows 
improvement in the condition of the spinal fluid. The picture 
is that of a circumscribed meningitis and simple drainage of 
the labyrinth may be all that is indicated. 


Bradbeer* cites an interesting case of acute labyrinthitis in 
a woman, age 24 years. with an acute right otitis media com- 
plicating influenza. The patient complained of right aural 
discharge, vertigo and vomiting, but no fever. There was 
rotary nystagmus on looking to the left, profound deafness 
in the right ear and hemorrhagic blebs in the external meatus. 
Following an incision of the drum with escape of pus from 
the left ear under great pressure, no caloric reaction could be 
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obtained from either ear. In spite of subsidence of dizziness, 
nystagmus and discharge from each ear, the right still 
remained absolutely deaf and the caloric reaction was unob- 
tainable from either side. In a few days, however, caloric 
stimulation of the left ear was effective and ultimate recovery 
took place. This patient undoubtedly suffered destruction of 
the right labyrinth but the author raises the interesting ques- 
tion as to why no caloric response was temporarily obtainable 
from the uninvolved labyrinth until symptoms of acute 
destruction of the other labyrinth had subsided. For this 
unusual phenomenon he offers no explanation. 


BRAIN ABSCESS. 


A most interesting statistical study of brain abscess is 
reported from Sercer’s** Clinic in Zagred, in Jugoslavia. From 
1922 to 1937, there were 32 patients with 34 brain abscesses ; 
18 cerebral and 16 cerebellar. In some years not a single 
case was seen; in others, three or four. The author is at a 
loss to explain the varied incidence of brain abscess in dif- 
ferent places. In his series there was one brain abscess to 
76 patients hospitalized for middle ear inflammation, whereas 
in Prague there was one in 506, in Munich one in 1,764, and 
in Budapest one in 1,000, a difference possibly due to the 
fact that the author included only middle ear inflammations 
that were hospitalized and not ambulatory patients. Also, it 
is probable that in many places where the public had access 
to clinics, the number of simple middle ear infections was 
proportionately greater than in a small clinic, where only the 
more complicated cases tend to be seen. At autopsy, he also 
found a similar ratio, there being in Zagred one abscess in 
393 autopsies, in Vienna one in 435, and in Munich one in 
784. In Sofia, in Bulgaria, however, one clinic saw 40 
abscesses in 10 years. In the author’s series of 34 abscesses, 
23 occurred in men, 11 in women, a ratio of two to one, which 
is frequently found in other places. The commonest age group 
was that between the second and third decades of life. 
Whereas, in Budapest, cerebral abscesses were found quite as 
commonly as cerebellar abscesses, in the author’s series they 
were divided about half and half. Of the cerebral abscesses, 
12 were on the right, six on the left; of the cerebellar 
abscesses, seven on the left, nine on the right. There were 
two instances of bilateral abscess. 
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Etiologically, four cases followed acute, and 28 cases fol- 
lowed chronic middle ear infection, 16 of the latter showing 
cholesteatoma. In other clinics, cholesteatoma was still more 
common, amounting in Munich to 87 per cent of the total 
number. In 13 of the author’s cases there was associated sinus 
thrombosis, and in nine a labyrinthitis. Only 22 per cent of 
the author’s patients recovered, death being due in 19 to 
meningitis, in two to pneumonia, in two to lung abscess, in 
one to encephalitis and in one to cavernous sinus throm- 
bosis. Four of the patients were moribund when brought into 
the hospital. 


Attention is called to the fact that the cured patients, if 
watched long enough, may still show certain residual symp- 
toms, such as blindness, paralyses, epileptiform attacks, psy- 
chic disturbances, poor memory, hypersensitiveness, etc. The 
prognosis appears to be better in otogenic than in traumatic 
brain abscess. Of those patients who recovered, it was found 
that symptomatically a slow pulse had been present in only 
a few instances, that all had had headache, and that vomiting 
was common in cerebellar but not in cerebral abscess. In 
only three of the seven recovered patients was there a definite 
purulent reaction in the spinal fluid, and although the abscess 
occurred in three instances in the left cerebral hemisphere, 
only one of these patients showed any aphasia. 


Two patients with cerebellar abscess had nystagmus before 
operation and in one this symptom appeared after operation. 
In one instance an abscess herniated spontaneously as a sub- 
periosteal abscess, in another fatal instance the abscess broke 
spontaneously into the middle ear. 


Treatment in the seven successful cases consisted of wide 
trephining and opening of the abscess, together, in one 
instance, with a sinus operation, and in another of drainage 
of the lateral cistern. 


In all but one of the 25 fatal cases, headache was a marked 
complaint. There was vomiting in only six of the 13 patients 
who died of cerebral abscess, and in nine of the 12 who died 
of cerebellar abscess. Vomiting was a prominent symptom 
in six of the 17 patients with cerebral abscess, and in 12 of 
the 15 patients with cerebellar abscess. Slow pulse was found 
in only five of the 13 cerebellar fatalities, and in two of the 
12 cerebral deaths. 
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Psychic disturbances, present in 12 of the patients, were 
twice as common in cerebral! as in cerebellar disease. 


In 11 of the patients who died of cerebral abscess, the 
spinal fluid was purulent and in three instances showed defi- 
nite bacteria. Of the 12 cerebellar fatalities, spinal fluid was 
purulent in 11 and in one instance showed bacteria. In a total 
of nine left-sided cerebral abscesses, aphasia was noted only 
twice. In the cerebellar cases, nystagmus was present in 
14 out of 15 cases. Discussing the pathology of brain abscess, 
the author feels that it starts as a primary encephalitis and 
that it is the progression of this encephalitis, in spite of 
incision and drainage, which brings about fatality. In gen- 
eral, the best track to follow in surgical treatment is that 
taken by the original infection, from the middle ear to the 
dura and brain. One may, however, be deceived by the appear- 
ance of the dura and thus misled as to the location of the 
abscess. It may develop very rapidly in a few days, particu- 
larly following exploratory puncture. Mixed bacterial infec- 
tions are the rule in abscesses associated with chronic middle 
ear infections, whereas in the acute cases a single organism 
is usually responsible. A communication of an abscess with 
the ventricle may be due to the rupture of the abscess into 
the latter or of an accumulation of infected ventricular fluid 
into the abscess. The author does not favor the use of lipiodol 
injections in abscess cavities since he feels that this pro- 
cedure is not without danger and that a delay in elimination 
of the material from possible pocketing of the abscess is 
disadvantageous. A correct diagnosis depends on the stage 
in which the patient is seen and the quality, extent and local- 
ization of the abscess, due consideration being, of course, given 
to any other complication which may be present, such as 
labyrinthitis, petrositis, sinus thrombosis and meningitis. 
The history and general symptoms, such as the blood picture, 
temperature reaction, psychic disturbances and X-ray find- 
ings, will frequently prove unreliable. The same is true of 
the generalized symptoms of increased intracranial pressure, 
which must be estimated with the greatest care. Many proc- 
esses compressing the brain exhibit no signs of increased 
pressure, and others which do not compress it give very 
marked symptoms. Local evidences, such as aphasia, ataxia, 
adiadokokinesia, hypotonia, etc., are valuable but seldom 
sufficiently outstanding to be trustworthy. Nystagmus is the 
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most constant symptom in cerebellar abscess, the diagnosis of 
which, however, is still extraordinarily difficult. Of greatest 
diagnostic import are headaches, vomiting and the state of 
the spinal fluid, on which the author lays great stress. He 
expresses regret that the chemical analysis of the spinal fluid 
cannot be extended and more refined, and feels that medical 
intuition is still a most important diagnostic factor. In the 
present series, treatment consisted in trephining the mastoid 
process with a wide dural exposure at the appropriate place. 
In certain instances, either at the time or later, labyrinth 
and sinus operations, together with drainage of the lateral 
cistern, were carried out. The abscess was located by needle 
puncture and when found the abscess cavity was widely 
opened, drainage being effected by a rubber drain, glass drain, 
silver wire or iodoform gauze. All abscesses were approached 
through the old wound, never through the temporal squama 
or occiput. The Killian speculum was found very useful for 
inspecting the interior of the abscess cavity, which was 
cleaned out with great care and dressed often twice a day. 
Repeated lumbar punctures aided greatly in reduction of 
intracranial pressure and facilitation of drainage. In spite of 
all efforts, a large number of patients died as a result of 
progressive encephalitis or meningitis. 


The author states that he has never been able to follow the 
delayed type of treatment advocated by Dandy, or grossly to 
enucleate an abscess as one would a brain tumor. 


He stresses the importance of general care of the patient, 
particularly of forcing fluids by all means. He prefers pro- 
gression in stages, seeking first an extradural abscess or 
infection or uncovering the dura and waiting for further 
signs and symptoms if an abscess is present, and for adhesion 
of the dura at this point. He feels that his failures were 
primarily the result of inability to drain the abscess suffi- 
ciently to stop the progress of the surrounding encephalitis. 
Much depends upon the intensity of the biological defense 
reaction in the brain substance and the virulence of the 
infecting organism. Possibly some form of intracarotid 
injection of an appropriate medication might prove helpful 
and capable of stimulating a defense reaction in the brain 
tissue. 


Meurman** summarizes his personal experience with brain 
abscess between 1901 and 1937. There were 77 infections, of 
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which 13 were acute and 64 chronic. Of the acute infections, 
three were in the cerebellum, 10 in the cerebrum. Of the 
chronic, 32 were in the cerebellum, and 30 in the cerebrum. 
Taking both groups together, they were thus about equally 
divided between the cerebrum and cerebellum. Of the cerebral 
abscesses, of which there were 40, 25 were single and seven 
multiple, though not clinically metastatic. The author feels 
that these may have developed from a single irregular cav- 
ity which later in some way became divided into multiple 
abscesses. Of the 35 cerebellar abscesses, 27 were single and 
six multiple. Of the 25 single cerebral abscesses, 16 were 
opened, nine were unopened, with cures obtained in only 
eight patients. Of the multiple cerebral abscesses, six were 
opened, one unopened, with four recoveries. Of the cere- 
bellar abscesses, of which 27 were single, 18 were opened, 
nine unopened, with only nine recoveries. Of the multiple 
cerebellar abscesses, all six were opened, with two recoveries, 
indicating thus that the prognosis is much worse for multiple 
than for single abscesses. The author stresses the great use 
and importance of making use of encephalography and ven- 
triculography and feels that a greater adaption of methods 
now commonly used by neurological surgeons should be in 
vogue with the otologists. 


In this connection it is interesting to find that Laskiewicz,” 
in discussing the development of cerebral abscess, points out 
the fact that in many instances what appear to be multiple 
abscesses are in reality sacculations and lobulations of a single 
cavity which slowly advance into the white matter of the 
brain and, ultimately reaching the ventricle, provoke, by vir- 
tue of their highly virulent infective contents, a fatal menin- 
gitis. He pleads for a wider use of the instillation of opaque 
media into such abscess cavities in order better to delineate 
their subdivisions and loculations. Only a small quantity, 
from 2 to 3 cc., is necessary and he has never seen it exert 
an unfavorable influence on the evolution of the process. 
Rather, it seems sometimes to diminish the virulence of the 
organism in question. This method has many advantages. It 
shows the size and location of the abscess and, particularly 
where direct observation of the interior by means of a spec- 
ulum does not permit determination with certainty of the 
presence of diverticula which may be progressing ever deeper, 
radiography with a contrast medium often visualizes these 
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and indicates their location. The presence of such digitations 
indicates that the purulent process is penetrating the cerebral 
tissue. Hence, the determination of their existence and the 
direction in which they are moving toward the ventricle is of 
prime importance in the diagnosis and treatment in the case 
under consideration. 


Discussing the pathology of brain abscess, Brunner and 
Dinolt**. ** consider that the formation of a capsule of a brain 
abscess depends primarily on the cessation of contact with 
the middle ear infection, permitting the abscess to wall itself 
off by connective tissue reaction. During this latent stage of 
capsule formation, the abscess increases in size and new con- 
nective tissue is built around, which contains numerous blood 
vessels. This process may continue until surgical intervention 
or until the abscess ruptures into the ventricle or subarach- 
noid space or subcortically, or even into the middle ear, 
without necessarily producing any acute exacerbation of 
infection in the latter. The authors disagree with McEwen, 
who thought that certain abscesses may resolve and disappear. 
They believe that the chronic course in the brain abscess is 
manifested by an anatomic or clinical stage of latency, either 
complete or incomplete, which may last for several weeks or 
months. It is of secondary importance whether the abscess 
in this time has a capsule and whether it shows local symp- 
toms or nol. The significant thing is that during this period 
there is no anatomical or clinical sign of progress. Every 
encapsulated abscess must have had a latent period. but not 
every abscess which has passed through a period of latency 
will necessarily be encapsulated. Proper estimation of any 
psychic symptoms is most important in trying to establish the 
existence of an abscess in its resting stage. It is of less impor- 
tance how such an abscess is opened as when it is opened. All 
varieties of operative technique have been followed by success 
but the prognosis is best when the abscess is opened in its 
latent stage. 


The authors call particular attention to tiie necessity of 
differentiating between a true brain abscess and a phleg- 
monous encephalitis, with which such an abscess may readily 
be confused. A chronic latent brain abscess differs from a 
phlegmonous encephalitis in that the latter shows no resting 
stage and runs a very stormy course. Moreover, it shows a 
greater number of generalized and local symptoms, together 
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with a tendency to prolapse on incision of the dura. Needle 
puncture is frequently positive in brain abscess, but always 
negative in encephalitis. In brain abscess, the history will 
indicate long-standing general symptoms, such as headache 
and subnormal temperature, and meningeal symptoms are 
more prominent in many cases. The prognosis in both con- 
ditions is bad, but the usual treatment of an abscess in other 
parts of the body cannot be applied to the brain and half-way 
measures are useless. An acute abscess, in the true sense of 
the word, never goes into a long-standing latent stage nor has 
it a capsule, its margin being formed by a progressive puru- 
lent encephalitis. Acute abscesses, therefore, are the end- 
result of a diffuse purulent encephalitis, with single or mul- 
tiple abscess formation. It is, however, true that a chronic 
abscess may be associated secondarily with a diffuse purulent 
encephalitis, particularly when emerging from its resting 
stage into a manifest stage. In this connection, as represen- 
tative of a purulent, progressive or phlegmonous encephalitis, 
the authors cite the following two cases. 


The first is that of a man, age 44 years, who was operated 
upon for simple mastoiditis. The sinus was uncovered but 
not opened, its walls being covered with granulations. There 
were subsequent signs of sepsis, necessitating a second oper- 
ation, at which the sinus was opened and found to contain pus. 
Opening just posterior to the sinus knee and into its lumen 
was a mass of prolasped brain tissue consisting of hemor- 
rhagic necrotic areas springing from the basal part of the 
lateral surface of the right occipital lobe. Subsequent needling 
of this prolapse revealed no abscess cavity. There followed 
later fixation of the pupil, a left-sided hemianopsia and death 
of the patient. This process, the authors believe, was due to a 
retrograde thrombosis of the pial and cerebral vessels. It was 
not a circumscribed encephalitis since it involved the entire 
occipital lobe and had a tendency to spread to the convolutions 
on the other side. Although there were small microscopic 
abscesses, the condition was essentially a diffuse phlegmonous 
encephalitis. rapidly progressive, without actual abscess for- 
mation or invasion of the ventricles. In this respect it was 
unlike either an acute or a chronic brain abscess. 


In a second case, an acute exacerbation of chronic otitis was 
followed by intracranial complications. Radical mastoid oper- 
ation showed a severe pachymeningitis. The dura was subse- 
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quently incised and showed a large, primary cerebral prolapse 
of the temporal lobe. Needling of this area revealed no pus. 
In this instance, too, in the absence of actual abscess or men- 
ingitis, the condition must be considered one of phlegmonous 
encephalitis. This resembles metastatic encephalitis, in that 
both forms can lead to abscess formation and break into the 
ventricle, and both show a rapid progressive course and a rich 
clinical symptomatology. Metastatic encephalitis, however, 
shows a greater degree of diffuse extension and no topograph- 
ical relationship to the point of origin of the infection and is 
usually only one part of a generalized pyemia. 


With regard to cerebral abscess and its pathogenesis, the 
authors believe that infection follows the veins into the gray 
matter, where a circumscribed purulent encephalitis is set up. 
Gradually, with extension and dissolution of the encephalitic 
focus, there develops a pus-filled cavity or abscess. There fol- 
lows a latent period of varying duration, during which the 
abscess may or may not form a capsule. Unoperated upon, 
the pus-filled cavity is surrounded by a purulent progressive 
encephalitis until symptoms are manifest. It then either 
breaks into the ventricle or into the subarachnoid space with 
a fatal terminal meningitis. This is the typical chronic brain 
abscess. Chronicity presupposes a period of latency of varying 
duration and completeness. It is also possible for the initial 
circumscribed encephalitis to develop first rapidly and to 
proceed to the formation of one or more abscesses without a 
capsule which never undergo a state of latency. These are 
the typical brain abscesses. 


Thus, initial circumscribed encephalitis may develop in 
three forms: either toward a chronic brain abscess, toward a 
pure phlegmonous encephalitis or toward an acute brain 
abscess. Variations of virulence of the organism and the 
patient’s resistance and the type of infection are factors 
which determine in which direction the course will go. Of 
the three, phiegmonous encephalitis has the worst prognosis. 
The major therapeutic problem is the prevention of the spread 
of meningitis from the margin of the prolapse. The major 
indication is the adoption of the type of surgical attack best 
suited to the type of the abscess. 


As far as the differential diagnosis goes, the presence or 
the absence of a capsule is of only secondary importance. The 











762 RICHARDS: OTOGENIC COMPLICATIONS. 


fact that many abscesses are found with capsules at post- 
mortem is no guarantee that they are chronic because oper- 
ation on an acute abscess which later comes to autopsy may 
have been a potent factor in the formation of a reactionary 
capsule. Such abscesses would have to be classified actually 
as acute. Since most abscesses forming in connection with 
chronic suppurative otitis with cholesteatoma have no oppor- 
tunity to wall themselves off, they are, properly speaking, 
acute abscesses. Many chronic abscesses are metastatic or 
traumatic in origin, quite unlike otitic abscesses. The authors 
do not agree with the American point of view of letting acute 
abscesses alone until capsule formation; first, because it is 
difficult to tell exactly in what stage the abscess is at any given 
time; second, because it is dangerous to await the appearance 
of a resting stage; and third, because it is possible to cure an 
acute abscess. That delay in waiting for capsule formation is 
dangerous is proved by the many autopsies on patients oper: 
ated on for supposed sinus thrombosis or meningitis or apo- 
plexy, the real cause of death being a brain abscess. 


As to the ideal form of operation, many methods suit the 
chronic abscess but no specific method applies to the acute. A 
wide decompression of the brain is the principal thing. The- 
oretically, the brain itself should be disturbed as little as pos- 
sible, although obviously many authors have succeeded with 
radical methods. 


An interesting case is that reported by Tromeur,”* of a 
patient, age 21 years, with an apparently simple furuncle of 
the canal complicating chronic otitis media following scarlet 
fever at the age of 15 years. Suddenly there developed head- 
ache, elevation of temperature and pain over the mastoid 
antrum, with profuse discharge. Simple mastoidectomy was 
undertaken, the mastoid containing hemolytic streptococci. 
Severe headache and fever followed, necessitating a complete 
radical mastoid operation, during which the patient tempo- 
rarily collapsed on the table. After a general improvement of 
several days, sudden epileptiform attacks appeared, with 
marked neurological disturbances and with recurrences within 
a short space of time. The temporosphenoidal lobe was decom- 
pressed, with indications of intracranial increased pressure. 
The lateral sinus showing no evidence of pathology, the tem- 
poral lobe was punctured, with discovery of an abscess, into 
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which was placed a drain. The patient subsequently died, and 
autopsy showed a large abscess of the temporosphenoidal lobe. 
Moreover, the lateral sinus contained pus from the bulb to the 
torcula. The author calls attention to the marked latency of 
the abscess up to the time of the Jacksonian epileptic attack. 
In view of the history, this abscess was undoubtedly chronic 
and showed a thick capsule. There was nothing characteristic 
about the headache to point to an abscess and the patient 
himself made very little of it. He was, therefore, at the time 
of his admission in an asymptomatic or latent period, such as 
often antedates a severe complication. There was no reason 
to think that the mastoid operation would not be amply suffi- 
cient since there was marked temporary improvement with 
disappearance of the headache. Epileptiform attacks made 
the diagnosis of cerebral abscess a possibility, though these 
are not a common symptom. There was nothing else clinically 
to suggest a brain abscess beyond possibly striking and grad- 
ual emaciation of the patient, a symptom which has been 
thought by many to be quite characteristic of a brain abscess. 
In many ways it paralleled the headache but instead of being 
progressive or constant, it had appeared with alternations of 
aggravation, cessation and regression, and had previously 
brought up the question of a possible tubercular lesion. 
Although this patient showed clinically cholesteatoma, there 
was no macroscopic break in the tegmen or antrum of the 
middle ear. The final unusual circumstance in the case was 
the development of a sinus thrombophlebitis, which appeared 
to be the ultimate cause of death. This complication is rare 
in encapsulated brain abscess. 


The essential features here are, first, the short duration of 
actual signs of an abscess; second, the onset with epileptic 
attacks; third, the lack of symptoms previously sufficient to 
make the diagnosis apparent; and fourth, the complication 
of sinus thrombosis. The latter illustrates the importance 
of exploration of the lateral sinus in any case of brain 
abscess in which, in the face of good drainage, temperature 
remains elevated, even if blood cultures are negative on sev- 
eral occasions. 


In spite of the increasing frequency of its use in the treat- 
ment of meningitis, there has as yet been little written about 
the use of sulfanilamide in the treatment of brain abscess. Of 
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great interest, therefore, is the report of Bacy,** of the case 
of a girl, age 4 years, with right otitis media. Following a 
three weeks’ improvement, there developed pain, vomiting, 
inability to walk, retraction of the head to the left, bilateral 
papilloedema and deviation of the eyes to the left. Voluntary 
movements were ataxic and the diagnosis was made of cere- 
bellar abscess. There were obvious signs of increased intra- 
cranial pressure, somewhat relieved by ventricular tap. A 
suboccipital exploration was carried out, the dura was incised, 
the left hemisphere disclosed. On further exploration of the 
cerebellum, an abscess was encountered in the right hemis- 
phere, and by suction a quantity of pus was removed which 
showed on culture hemolytic streptococci. During needling, 
the puncture wound was obviously contaminated and menin- 
gitis seemed unavoidable. Intensive sulphanilamide therapy 
was immediately instituted, the abscess itself was never 
drained, superficial drains being placed only near the region 
of the puncture wound. Recovery was complete and rapid. 
An unusual clinical feature was the conjugate deviation of the 
eyes away from the side of the abscess with inability to bring 
them back beyond the midline. The author feels definiteiy 
that the sulfanilamide prevented the development of menin- 
gitis. The abscess apparently was cured by a single aspira- 
tion, a unique experience so far as this author is concerned. 
Sulfanilamide undoubtedly had something to do with the pre- 
vention of refilling of the abscess. In this connection, the 
author outlined his customary treatment as follows: A 3-4 cm. 
defect is made in the skull overlying the abscess, the dura is 
incised and subdural space above the opening is packed with 
gauze soaked in a weak solution of iodine. If the intracranial 
tension is high, a needle is inserted and pus is allowed to 
escape. Six days after the first operation, the wound is 
reopened, the abscess widely exposed, evacuated and drained. 
The author feels that in the future, at the time of the first 
operation, if the organism proves to be a hemolytic strepto- 
coccus, he would administer sulfanilamide. If, under this 
treatment, the abscess does not refill and the patient continues 
to improve, he would undertake no further surgical treatment. 
If the abscess does refill, drainage can be carried out by the 
second operation as above. He stresses the importance of 
watching for toxic signs of the drug and of administering 
transfusion or discontinuing it if necessary. 
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Discussing the lack of unanimity as to the best treatment 
of brain abscess, Guns* quotes the gloomy feeling expressed 
in 1927 by Beck and Pollack, relative to the prognosis in brain 
abscess, and the fact that at Neumann’s Clinic, since 1919, of 
40 brain abscesses there has been recovery in only 12. A pre- 
operative diagnosis, however, had been made in 37 of these 
40 cases. From other reports, it would appear that the ideal 
method of treatment is the utilization of puncture in acute 
brain abscess while awaiting the formation of a capsule, fol- 
lowing which enucleation of the abscess is undertaken in much 
the same manner as in the case of a cerebral tumor. Simple 
repeated puncture, in favor with other operators, has appar- 
ently only given temporary results. Guns cites two cases of 
brain abscess, one following chronic otitis media, the other 
acute. In the former, in a child, age 6 years, who had suffered 
from otitis media since the age of 6 months, a brain abscess 
was discovered at the time of a mastoid operation. Repeated 
evacuation of the abscess by needle puncture was combined 
with repeated lumbar puncture. The patient’s condition 
becoming worse, a drain was inserted into the abscess cavity. 
Lumbar punctures were continued and the patient gradually 
made a complete recovery without any further surgical pro- 
cedure. The author feels that an important prognostic sign 
lies in a study of progressive changes in the blood. 


In the second case, with an extradural abscess and abscess 
of the temporosphenoidal lobe, the latter was treated by aspi- 
ration and insertion of a filiform drain, with subsequent inci- 
sion of the meninges and placement in the cavity of the 
abscess of a drain of iodoform gauze. This treatment was 
continued for six weeks, with ultimate complete recovery. 


As a result of these experiences, the author feels that enu- 
cleation of an encapsulated abscess is not always necessary 
and that puncture, reinforced with drainage, will often prove 
sufficiently effective if combined with a large decompression 
over the abscess. He believes, in fact, that enucleation should 
be reserved only for exceptional cases. 


SINUS THROMBOSIS. 


In an exhaustive study of sinus thrombosis based on 343 
replies to a questionnaire sent all over the country, Evans*' 
finds the general incidence of thrombosis to be 2.6 per cent, 
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with wide variations according to individual reports, some 
being as high as 7 per cent, others as low as 1 per cent. In 
almost 1,000 cases of sinus thrombosis, there were about 300 
deaths, or a mortality of 33 per cent. Much depends on the 
question of inclusion of desperate or even hopeless cases in 
any given series. Most deaths were due to complications, such 
as meningitis or an intracranial spread of the infection, to 
pulmonary complication or distant metastatic lesion in vital 
organs. The usual bacterial organism was the streptococcus 
hemolyticus, Friesner obtaining positive blood cultures in 90 
of 100 cases of lateral sinus thrombosis. The next commonest 
organism was the pneumococcus type III. 


The symptomatology is varied and there is no single classi- 
cal combination, particularly with regard to temperature 
curves, as has already been stressed by Tobey. A choked disc 
is of little definite diagnostic significance, but edema or infil- 
tration with tenderness on deep pressure over the area drained 
by the emissary vein is an important objective symptom. 
Evans calls attention to the opinion, erroneously held, that a 
normal exposed lateral sinus pulsates. A thrombosed sinus 
may not pulsate but if pulsation is present, thrombosis is also 
probably present. A positive blood culture is a most important 
diagnostic sign but its absence does not exclude thrombosis. 
Cultures are more likely to be positive if blood is obtained at 
the beginning of a chill. 


Reports indicate that the Tobey-Ayer test for unilateral 
thrombosis is of great value but not infallible, since anatomi- 
cal abnormalities would obviously interfere with its accuracy. 


In a series of 43 answers as to details of treatment, expo- 
sure of the sinus with ligation of the jugular vein was 
reported in 21. Many authors favor resection of the vein, 
while others express equal enthusiasm for simple ligation. 
Those opposed to ligation stressed a retrograde development 
of the thrombus and the great importance of supportive 
medical treatment, with transfusions, sera, forced feeding, 
tonic, ultraviolet irradiation, and such drugs as sulfanilamide. 
Ligation in their opinion does not prevent metastasis, embol- 
ism or septicemia. 


A difference of opinion was evident with regard to the effi- 
cacy of transfusions, as to whether they definitely influence a 
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septic temperature and have any other supportive effect than 
the contribution of nourishment to the patient without in any 
way stimulating the formation of antibodies. The report 
showed sulfanilamide to be now riding a high wave of popu- 
larity in the treatment of sinus thrombosis with apparently 
excellent results. Due consideration must, however, in the 
opinion of the reviewer, be given to its disadvantages and 
undesirable reaction, not to mention its masking effect, par- 
ticularly in the earlier stages of the infection. It is generally 
agreed that the drug must be continued for some time after 
apparent convalescence is begun and that surgical drainage 
of an infected thrombus as early as possible is still an impor- 
tant factor in the successful management of the disease. 


Juers,** in a general consideration of otitic sepsis, believes 
that in any blood stream infection secondary to middle ear 
or mastoid disease, phlebitis at least is always present, and 
that thrombosis may or may not be. In a given series of 
patients he found chills more frequent in patients over 15 
years of age, and none in children under 10 years. He feels 
that there is no relationship between a positive blood culture 
and chills, the latter being absent in four cases with positive 
culture. Severe sepsis is often present without an elevation of 
the white blood count. Surgically, a wide exposure of the 
sinus is a prime essential. If a thrombus is present, its com- 
plete removal is indicated to obtain free bleeding both above 
and below, in the attainment of which a suction cannula is 
very useful. Excision of a diseased sinus wall may be indi- 
cated. With regard to the much discussed ligation of the 
jugular vein, he noted that in 50 instances of negative blood 
culture before ligation, 15 cultures were found positive after 
ligation. The author classifies his own cases as follows: 


a. Simple Phlebitis: Of these there were nine, of whom 
seven recovered with complete mastoidectomy and exposure 
of the sigmoid. In this group there was one death even after 
ligation, and another death from cerebellar abscess and men- 
ingitis. 


b. Mural thrombosis, of which there were five instances. 
Four patients recovered completely after primary obliteration 
of the sinus and ligation of the jugular vein. Two others 
required secondary sinus operation. 
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c. Occluding thrombosis, seven cases. One patient, in whom 
free bleeding was obtained from below and without ligation, 
did splendidly, raising the question whether ligation is always 
necessary when free bleeding cannot be obtained from the 
bulbar end of the sinus. The mortality in this group alone 
was 25 per cent, and in the group as a whole, 24 per cent. 
The author is enthusiastic about immunotransfusions and the 
use of sera prepared by immunizing rabbits and injecting 
their serum into the patient. He also mentions the use of 
serum from a compatible donor instead of whole blood. In a 
small series of patients treated by this method, the mortality 
was only 15 per cent. He now reserves ligation as a secondary 
procedure, together with transfusion and revision of the 
wound, depending on the subsequent course of the disease. In 
his present series, ligation was undertaken in 10 patients, 
four of whom died. In the other six, the vein was collapsed 
in two instances, rendering it doubtful as to whether ligation 
was of any value. In the other four, ligation did not seem to 
be of appreciable benefit and the author questions the proce- 
dure’s value unless there is thrombosis present in the vein 
itself. 


This whole question of ligation or nonligation of the jugular 
vein in sinus thrombosis continues to occupy the attention of 
many investigators. The subject is comprehensively consid- 
ered by Koch,** who feels that collections of statistics can 
never be entirely satisfactory and that the consideration of 
individual cases and the clinical indications for the particular 
method are, in general, more satisfactory. He lists the dangers 
of ligation as stressed by those opposed to the procedure as 
follows: 1. Injury to the vagus nerve, which he feels is doubt- 
ful with competent technique. 2. Edema in the region of the 
cerebrum, especially if the other jugular happens to be nar- 
row. He has never observed this difficulty. 3. Vascular stasis 
in the jugular and secondary retrograde stasis with propaga- 
tion of infection. This objection, the author feels, is overcome 
by the fact that the sigmoid sinus must be opened to take care 
of the retrograde pressure and the eradication of the throm- 
bus, if present. Free bleeding must be secured from above. If 
no visible thrombus is present, the upper end must be blocked 
off and the sinus opened. The jugular vein is the main chan- 
nel and much more significant than the smaller tributaries, 
which usually close themselves off during the process of 
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thrombosis. The main thing, according to Koch, is to prevent 
access of infection to the larger vessels. With bulbar throm- 
bosis, ligation and opening of the sinus is the only proper way 
to reach infection between the two points, in the mastoid and 
in the neck. By the author’s technique, when the mastoid is 
opened and reveals any sinus or perisinus inflammation, the 
sinus is routinely uncovered and inspected. According to its 
condition, nothing more may be done. If there is free bleed- 
ing from the sinus, it is left alone. If it is thrombosed, it is 
first punctured, then widely opened, the thrombus removed, 
the cerebral end surely reached and broken down. The vein 
is then ligated. If the sinus is not opened, everything depends 
on the clinical course of the disease. If the temperature con- 
tinues, if the patient’s condition does not improve or if septic 
metastases appear, the jugular is ligated, the vein opened and 
blocked off cranially, even though the sinus may still contain 
fluid blood, lest a hidden and unapproachable thrombus be 
present. The author cites eight cases in which he feels defi- 
nitely that jugular ligation was an important factor in the 
control of the infection and contributed definitely to the recov- 
ery in all instances. In seven years he has treated 34 cases 
by ligation, of whom nine died. This result he believes to be 
due to the late arrival of the patient and the presence of 
meningitis or metastatic sepsis in other organs. Fifteen other 
patients had severe thrombosis, in whom the jugular was 
opened and ligated and in all of whom recovery occurred. In 
10 other patients there was no demonstrable thrombus but 
the sinus was opened and the jugular tied, with recovery. The 
author believes that in clinical otogenic sepsis, even without 
evidence of a thrombus, opening of the lateral sinus and liga- 
tion of the jugular vein is the best method. 


Still pursuing the same subject, Atkinson* raises the ques- 
tion as to whether the jugular vein should be tied, merely 
because it has heretofore been customary and because oper- 
ators claim to feel better if it is ligated. Anatomically, liga- 
tion does not exclude all parts whereby infection may spread, 
such, for instance, as the inferior petrosal sinus and the small 
veins passing through the posterior condyloid foramen. It is 
possible that the point of ligation may also serve as another 
focus if the process spreads, causing the very extension which 
one is trying to avoid. The author feels that the operation 
itself is at times much more difficult than one is led to believe 
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from much of the literature and that it may prolong and com- 
plicate the operation. 


As an instance of spontaneous cure of sinus thrombosis, 
Atkinson cites the case of a girl, age 14 years, in whom, on a 
routine mastoid operation, a portion of the lateral sinus was 
represented by a fibrous band, apparently the result of 
previous infection with subsequent thrombosis, organization, 
sclerosis and spontaneous cure. He cites Koerner’s figures in 
two series of presumably comparable cases in which the per- 


centage of recovery was practically the same with ligation as 
without it. 


In Greenberg’s statistics of 61 cases there was a 15 per cent 
recovery in 21 instances of ligation, and a 60 per cent recov- 
ery in 40 instances of nonligation. In the first group, how- 
ever, there was probably a larger number of extremely ill 
patients. 


In the experimental work on dogs undertaken by Ungritz, 
the recovery with ligation and without ligation after produc- 
tion of experimental thrombosis was practically the same, and 
the experimenter concluded that ligation exercised no notice- 
able influence on the course of the disease. 


Atkinson then undertook to operate on a number of patients 
without ligation by exposing the sinus widely at the patholog- 
ical process and, in the absence of evidence of an occluding 
thrombus or a general infection, to do nothing more. If a 
definite thrombus was present or the sinus wall was necrotic 
or there were indications of a general infection, the sinus 
was opened and obliterated but the vein was not ligated. Only 
in the face of a general continuance of infection was oper- 
ation on the neck undertaken. In the series of 15 patients, all 
recovered under his personal care. The patients were divided 
into three groups, as follows: 


Group 1: Eight cases with pus in contact with the sinus 
wall. Treatment by full exposure but no interference with 
protective granulations and no opening or needling of the 
sinus. In only one instance was further treatment required. 
The author feels that some of these patients must have had 
a mural thrombus but apparently it was a protective mechan- 
ism and was left undisturbed, to continue its successful 
protection. 
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Group 2: Five patients with gross thrombus formation. 
The thrombus may be white, gelatinous and firmly attached to 
the wall of the vessel and easily removed in one piece, or it 
may be red, friable, loosely attached to the wall and liable to 
break in pieces during removal. Finally, the clot may have so 
broken down as to consist of frank pus actually in the lumen 
of the sinus. Treatment of this group consisted in removal 
of the upper end of the clot and from the lower end only so 
much of it as could be pulled out by gentle traction with for- 
ceps. No attempt was made to clear the bulb of any thrombus 
not readily removable in this manner. 


Group 3: Two patients in whom there was necrosis of the 
sinus wall without thrombosis. Here, removal of the over- 
lying bone may readily tear the sinus, with severe bleeding. 
The author believes ligation to be useless under these circum- 
stances and that the prognosis is grave. He advocates ligation 
only if tenderness is evident over the course of the vein on 
gentle palpation. The presence of enlarged glands is signifi- 
cant and repeated chills after operation suggest a friable bulb 
clot. If more than two chills appear following operation, the 
author undertakes ligation and division of the vein with 
anchorage of the upper end to the skin surface. 


In this connection, Sutherland® is authority for the opinion 
that ligation should be reserved, modified or omitted, accord- 
ing to the particular pathological conditions which are pres- 
ent. Clinically, he feels that three things are necessary in 
cases of sinus thrombosis: 1. eradication and drainage of the 
primarily infected area; 2. ligation of the internal jugular 
vein to prevent metastases and infiltration of septic material 
from the thrombosed sinus or vein into the general circulation ; 
and 3. the realization that walling off or resecting the vein 
may not be sufficient. It may be necessary to open the vein, 
evacuate its contents and allow for formation of granulation 
tissue. The complicated and complex anastomoses between 
the jugular above the point of ligation with the other cranio- 
venous sinuses is well known. The author feels that the course 
of otitic sinus thrombosis may be greatly modified by ana- 
tomical anomalies in this venous system. The petrosquamous 
sinus is important in infancy and childhood before final oblit- 
eration occurs in the adult, and may play an important part 
in the formation of sinus complications. The question of liga- 
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tion is still a controversial one, but no single surgical proce- 
dure is adapted to all conditions. 


In calling attention to the possibility that sinus thrombosis 
may be present in the absence of obvious otitis media, Chil- 
drey** cites the case of a man, age 28 years, in whom, despite 
absence of middle ear signs, mastoidectomy revealed a peri- 
sinus abscess. The sinus was not opened but the jugular vein 
was divided between silk ligatures. Temporary improvement 
was followed by discontinuance of sulfanilamide. Subsequent- 
ly, the patient became irrational, complained of severe head- 
ache behind the right eye, and was subjected to exploration 
for a brain abscess, which was not found. The mastoid wound 
was reopened, the lateral sinus exposed and pus found to be 
coming from it. The sinus was widely opened, the thrombus 
removed and free bleeding obtained from the posterior limb. 
At autopsy a fresh thrombus was present in the remainder of 
the lateral sinus, extending across the torcula into the other 
side and also into the cavernous and petrosal sinuses. The 
petrous portion of the temporal bone was normal. The author 
raises the question of whether earlier opening of the lateral 
sinus would have changed the course of the disease, and 
whether ligation of the internal jugular vein was a factor in 
promoting dissemination of infection. The causative organism 
in this instance was a hemolytic staphylococcus, the clinical 
effects of which have long been known to be often more serious 
than in the case of the hemolytic streptococcus. The lack of 
definite symptoms of otitis media and the rapid progression 
of the infection to the cranial sinuses makes this case a most 
unusual one. 


An interesting report is that of von Hoffmann,” of the case 
of a child, age 1 year, with an acute left otitis media and 
subperiosteal abscess of three weeks’ duration. Following 
opening of the abscess and curettage of the wound, subsequent 
mastoidectomy was found necessary. High fever with septic 
remissions was unchanged by the administration of sulfanila- 
mide. A striking feature was the appearance of marked stasis 
in all the veins of the skin of the head. Further revision of 
the mastoid wound revealed no evidence of sinus thrombosis. 
Suggestion of a right middle ear suppuration induced a mas- 
toid operation on this side, with the finding of much pus 
under pressure and a marked sinus thrombosis with a fistula 
and pus within the vein. Bulb thrombosis was apparently evi- 
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dent and there was an extension of the venous stasis down- 
ward to the neck and chest, with final fatality. At autopsy 
there was found a thrombosis of both the transverse and sig- 
moid sinuses, the superior sagittal sinus, internal jugular vein 
and the right innominate vein, as well as the superior vena 
cava at its entrance into the right ventricle. Blood returning 
to the heart was thus forced to follow an external route via 
emissary veins and superficial vessels, such as the external 
jugular, explaining the dilatation of the scalp vessels. The 
obstruction to the jugular vein may have been aggravated by 
enlarged adjacent lymph glands. 


The tendency to thrombosis in a child of this age is, in 
general, very uncommon. The chief clinical feature was a 
high, unremitting, septic temperature but without chills or 
local metastases. Strangely enough, the eye grounds showed 
no evidence of such extensive venous stasis. Interesting is 
the contrast between the infection in the two ears, the left 
with its more striking subperiosteal abscess, the right far less 
evident clinically but obviously harboring a much more viru- 
lent infection, leading the author to feel that evidence of a 
subperiosteal abscess with localization is always an indication 
of a favorable outcome. 


Interesting is the importance assigned by Hargett** to com- 
plete immobilization and rest of the head in the treatment of 
sinus thrombusis. He cites the case of a man, age 37 years, 
who, following an injury to the nose, complained of earache 
and who developed in two weeks signs of acute mastoiditis. 
At simple mastoidectomy, the sinus was found exposed over 
a large area and covered with granulation tissue. Free bleed- 
ing was obtained upon opening the sinus, which was controlled 
with iodoform packs, removed on the fifth day. Subsequent 
pain over the site of the operation and fever of 102° were 
treated by 10 gr. doses of sulfanilamide three times a day. 
The head was elevated, heat was applied to the affected side 
and absolute rest was established. Subsequently, with permis- 
sion for use of the bathroom, patient’s temperature was 
immediately elevated but subsided on return to a regime of 
complete rest. This was continued for 23 days, when, with 
further trial of bathroom privileges there ensued an imme- 
diate temperature elevation to 102°. Further bed rest was 
prescribed for 45 days, when resumption of activities was 
uneventful. The author feels that sinus thrombosis is of some- 
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what the same nature as phlebitis in the leg, which, in the 
absence of high fever and chills, will respond to complete 
immobilization. On the same basis, the author stresses the 
value of immobilization of the head and absolute rest in bed. 
If, in spite of this treatment, there ensues a thrombosis with 
chills, higher fever, pain and systemic symptoms, further rest 
must be achieved by jugular ligation with removal of the 
overlying bony plates of the sinus to the limit of the thrombus 
formation. He feels that clots in the jugular bulb may be 
removed with a small rubber suction tube. 


In discussing the general subject of sinus thrombosis, Fries- 
ner®’ and his co-workers call attention to the danger of 
overlooking pneumonia as a cause of the symptoms, likewise 
erysipelas. They do not advocate section of the jugular vein 
and feel that necessity for ligation must be decided by the 
course of the disease and the character of the symptoms rather 
than by any fixed rule for ligation. They believe sulfanilamide 
to be useful but think that its use should be avoided until the 
diagnosis is established, and that it then should constitute only 
an adjunct to surgical therapy. They endeavor to establish a 
blood level of about 15 mgm. per 100 cc., especially in the face 
of meningeal signs. Premature use of the drug may mask the 
clinical picture and, hence, the latter must always be evalu- 
ated with this fact in mind. 


In an English symposium on sinus thrombosis, Colledge” 
calls attention to the fact that, whereas formerly sinus throm- 
bosis was frequently associated with a chronic otitis media, 
more recently the percentage of this condition after acute 
otitis media has risen from 27 per cent 30 years ago to 71 per 
cent today. This situation, he feels, may be due to the lowered 
incidence of chronic otorrhea which, formerly so commonly 
neglected, is now avoided by such procedures as adenoidec- 
tomy and earlier mastoid surgery. In septicemia arising from 
thrombosis of the small mastoid vessels, he feels that oper- 
ative treatment beyond complete removal of the primary focus 
of infection in the bone is not particularly effective. The 
author has no sympathy with the controversy between those 
who favor jugular ligation and those opposed to it, and quotes 
Barron as to indications for operation on the vein, as follows: 


a. In acute pyemia and septicemia, whether the sinus is 
occupied by clot or by fluid blood. 
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b. If the sinus wall is gangrenous or its contents are lique- 
fied, unless the area of infection be completely blocked off by 
noninfected thrombi at either end. 


c. If it is proven or suspected that blood in the jugular bulb 
is wholly or partly clotted. 


d. If the jugular vein itself is thrombosed. 


Although for several years Barron has seen no fatal case in 
which the vein was not ligated, he does not feel that this proves 
that ligation is not beneficial and that dramatic results will 
not follow in properly selected cases. He believes that the 
ligated vein should be cut between ligatures and the upper 
end brought out of the incision in the neck. This technique 
has the added advantage of affording drainage to the bulb if 
indicated. Sulfanilamide, he believes, is very useful but too 
much cannot be expected of it unless a surgical focus is 
attacked. 


Crowe” in his discussion was surprised to find in 800 mas- 
toid operations only 1.3 per cent of sinus thrombosis, in 
contrast to 4 per cent commonly quoted in the literature. He 
suggests the possibility that by the time the idea of treatment 
for sinus thrombosis is discovered, there may be no more 
sinus thrombosis to treat. He prefers delayed intervention in 
simple mastoiditis and dislikes to operate under 10 days’ time. 
In the 11 cases of sinus thrombosis under his care, there were 
two fatalities. He believes that jugular ligation frequently 
fails of its objectives and that dissemination of infection may 
occur in spite of this procedure through the collateral circula- 
tion. He believes the undisturbed clot is better protection 
than removal and ligation. This opinion appears to be sub- 
stantiated by the great success which has followed the use of 
sulfanilamide. Future surgery for sinus thrombosis may com- 
prise rapid excision of bone around a diseased sinus, gentle 
insertion of packing, which remains untouched for seven to 
10 days, complete immobilization of the head and neck and 
the administration of sulfanilamide. 


Layton, in describing the pathology of sinus thrombosis, 
stresses the fact that there are no symptoms associated with 
a simple clot formation in the vein until it is invaded by an 
infecting organism. The first step, therefore, should be to 
remove the factory of organisms which are in contact with 
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the sinus wall. If symptoms then persist, one must suspect 
that the factory lies within the sinus, which should then be 
opened and any infected clot removed. Layton does not favor 
division of the vein in the neck or of bringing the end to the 
surface. During this same symposium, Diggle reported 13 
cases of sinus thrombosis with four fatalities, of which men- 
ingitis was responsible for three. He feels that the sinus wall 
should be exposed in any suspicious case. If it looks and feels 
unhealthy, it should be left alone. If indurated and cord-like, 
it should be incised. In eight of nine patients, the jugular 
vein was ligated, but this was also true of four patients 
amongst whom there occurred three fatalities. He favors 
operation on the jugular vein for persistent fever and chills 
and in the absence of bleeding from the lower end of the 
sinus. He divides the vein between ligatures and feels that 
great additional benefit accrues from the use of sulfanilamide. 


Somewhat at variance with these opinions is that of Kap- 
lan,*® who, at this same symposium, reported 400 cases of 
mastoiditis with no lateral sinus thrombosis. Of nine patients 
who died, all were operated upon after the eighth day, and 
amongst all the patients who were operated on before the 
eighth day there were no fatalities. This leads to the opinion 
that the frequently expressed idea that early operation is pro- 


ductive of complications may not rest on proved pathological 
findings. 


Tremble* reports the case of a boy, age 5 years, who suf- 
fered from an acute right otitis media and in whom drum 
incision was followed by a profuse discharge for two weeks. 
Shortly after, the patient developed scarlet fever. Five weeks 
later, with the appearance of headache, elevation of temper- 
ature, granulations on the drums and mastoid tenderness, a 
right mastoidectomy was undertaken, the mastoid cavity being 
found filled with pus and granulation and cell partition being 
broken down into a large abscess cavity. The lateral sinus 
and middle fossa were not exposed, and the patient, after 
prompt improvement. was discharged from the hospital. 
Owing to persistent middle ear discharge after a month, how- 
ever, re-exploration of the mastoid wound was undertaken 
and pus found exuding from underneath the temporal muscle. 
Temporary improvement was followed by a fever up to 106° 
and a leukocytosis of 17,000, for which situation the jugular 
vein was ligated. The wound was then exposed, the lateral 
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sinus examined and found to be healthy and on incision to 
present free bleeding. In spite of repeated transfusions, sep- 
tic temperature persisted, and in the absence of evidence of 
meningitis the lateral sinus was re-explored from the torcula 
to the bulb and was found to be filled with a liver-colored clot, 
on removal of which free bleeding was established from above 
The wound was treated with irrigations of acriflavine and 
with packing soaked in acriflavine. In spite of subsequent 
localized inflammation in the right hip and a pulmonary 
infarct, recovery ultimately followed after nine transfusions. 


Here is a clear instance of the development of a thrombus 
in a vein which at the time of operation was clearly not throm- 
bosed or apparently infected. The interesting question arises 
as to whether this subsequent thrombosis was in any way 
provoked by stasis incident to the early jugular ligation. 


The unusual association between general purpura and acute 
otitic infection is recorded by Welk and Kasnetz.**. Their 
patient was a-boy, age 74 years, in whom the middle ear infec- 
tion was followed by chills, fever and bleeding from the 
affected side, raising at first the question of phlebitis of the 
jugular bulb and its possible rupture. There was also evidence 
of nasal bleeding with clots in the nasopharynx. At simple 
mastoidectomy the lateral sinus was found thickened and dis- 
colored and covered with granulations and pus. In spite of 
transfusion, bleeding continued from the mastoid cavity and 
middle ear, likewise from the membranes of the nose and 
mouth. For seven days the patient received a daily trans- 
fusion. Following erysipelas, there next appeared subcuta- 
neous hemorrhages in the shoulder, forearm, and the devel- 
opment of circumscribed abscesses, cultures of which showed 
a streptococcus viridans. The blood culture was positive for 
the next three weeks and the slowly healing mastoid wound 
was treated by packing the cavity with thromboplastin, by 
local heat, ultraviolet, quartz and mercury lamps. The sinus 
was never obliterated and the jugular vein was not ligated. 
The authors feel that in the majority of cases the diseased 
sinus wall, chills, bacteremia and typical irregular fever are 
not necessarily indications for jugular ligation. Splenectomy, 
though considered, was not carried out and repeated trans- 
fusions ultimately brought about recovery. An interesting 
question is whether the purpura was secondary to the otitis 
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media, mastoiditis or bacteremia, or whether it was an idio- 
pathic condition complicated by an otitic infection. 


An interesting article is that of Klicpera,** who discusses 
wounds of the lateral sinus. Operative injury to the lateral 
sinus may result from an anatomical anomaly, an abnormaily 
thin sinus wall or an unusual location of the sinus, either so 
far forward as to hinder the operation or so superficial as to 
tend to injury the moment the cortex is opened. Pathological 
changes, such as sequestration in the neighborhood of the 
sinus, adhesions and attachments of the sinus wall to the sur- 
rounding bone, deposits of exudate, granulation or necrosis 
of the sinus wall are all factors which may lead the most 
experienced operator to an occasional accident. The wall may 
be injured with a chisel or sharp curette or by sharp slivers 
of bone or bony sequestra. Opening of the sinus wall may 
expose it to infection through direct bacterial invasion at the 
point of trauma, or in the presence of a perisinus abscess, 
infection may gain entrance through the diseased wall and 
thus produce a generalized blood stream infection. Moreover, 
the packing necessary to checking hemorrhage, especially if 
placed over a broad area, may induce local bacterial invasion 
with subsequent disease of the sinus wall and resultant sec- 
ondary thrombosis. Fortunately, direct contact infection is 
usually warded off by the natural defensive powers of the 
body, particularly if there is only a single opportunity for 
access of bacteria. Moreover, the free bleeding usually pres- 
ent at the time of the injury tends to hinder such an invasion. 
The author feels that the best method of avoidance of subse- 
quent infection after injury to the lateral sinus is a complete 
eradication of all infection in the mastoid cavities at the time 
of the injury, regardless of whether this has occurred in the 
middle of the operation or at its termination. 


Work with experimental animals has demonstrated that in 
the presence of a bacteremia, even aseptic attacks on the sinus 
are almost always followed by the formation of infected gran- 
ulations at the site of the sinus wound. Aside from local con- 
ditions, the state of the patient’s resistance to the invading 
bacteria has much to do with the development of complications 
after injury to the sinus wall. An interesting question is that 
of possible danger of uncovering a presumably normal sinus 
wall. One author, in 300 exposures of the lateral sinus, reports 
six instances of secondary sinus thrombosis with a typical 
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septic course. In this author’s statistics,“ in 3,350 mastoid 
operations, there were 23 injuries of the sinus, of which three 
must be excluded as already showing signs of sinus sepsis 
before injury. Of the remaining 20, 17, or 85 per cent, ran a 
normal postoperative course. In the other three cases, injury 
was followed by a postoperative septic course, but at opera- 
tion no sign of a thrombus was found in two instances. In the 
third instance, the thrombus appeared nine days after injury 
and required jugular ligation. In the 17 patients who ran a 
normal course after injury, the sinus was damaged in the 
process of seeking the antrum, and in four other instances 
injury was the result of alteration in the appearance of the 
sinus by granulations and bony necrosis. Injury arose both in 
the use of the chisel and in the curette and through the agency 
of bony splinters and sequestra. In only one instance did post- 
operative packing seem to produce any sign of stasis, such as 
headache, vomiting, etc. The author advocates as localized 
and isolating packing for bleeding from the sinus wound as 
possible. Its removal should be undertaken at least by the 
sixth day, though postoperative fever might indicate an earlier 
removal. The prime essential is the complete and thorough 
eradication of disease in the mastoid cavity at the time when 
the injury occurs. 


PETROSITIS. 


The subject of petrositis and the problems associated with 
its pathology and surgical treatment continue to occupy 
the attention of more and more otologists as this condition 
becomes more frequently recognized and as a better under- 
standing is achieved of the appropriate methods of surgical 
approach to this formerly almost unexplored field. 


Kopetzky** feels that it is usually possible so to locate the 
site of a lesion in the petrous pyramid that a specifically 
designed operation for its remedy can be executed. Of prime 
importance is the differentiation between a progressive and a 
recessive lesion. The former is indicated by sudden cessation 
of previously present pain and also by sudden cessation or 
marked diminution in the aural discharge, coupled with tran- 
sitory photophobia, a late appearing abducens palsy and any 
one of a group of other symptoms indicating that the patient 
does not feel as well, is more irritable, wishes to be left alone 
and looks sicker than before. Such a picture indicates a pro- 











780 RICHARDS: OTOGENIC COMPLICATIONS. 


gressive lesion even in the face of an afebrile reaction, absence 
of eye changes or decrease in the aural discharge. Surgical 
intervention is thus clearly indicated. Recession, on the other 
hand, is manifested by gradual diminution in the intensity 
and duration of the attack of pain with longer intervals and, 
likewise, with gradual diminution in the amount of discharge 
with lessened pulsation. If, in addition, the behavior and 
appearance of the patient indicate improvement, then spon- 
taneous recovery of the petrous lesion may be expected. 
Direction of the type of surgical intervention depends on an 
accurate localization of the petrosal lesion. These may be 
posterior to the labyrinth or anterior. The former have a 
tendency to drain backwards into the mastoid cavity, whereas 
anteriorly lying lesions tend rather to drain into the tympanic 
cavity and the pus to find egress through the drum into the 
canal. If, after a complete simple mastoidectomy, there is 
excessive postaural discharge greater than one would nor- 
mally expect in a healing wound, this is suggestion of a post- 
labyrinthine lesion. This situation indicates reopening of the 
wound and a search for fistulae in the exposed bony surfaces, 
either under the arch of the superior canal or along the pre- 
facial mastoid cell tract leading toward the bulb. Treatment 
consists in the enlargement of these fistulae, curettement of 
their walls and drainage of the purulent accumulations from 
which they lead. Radical mastoidectomy, however, is in this 
postlabyrinthine type of lesion unnecessary. In the author’s 
series of 10 such cases, all patients recovered. In the event of 
failure to locate such a fistula, radical mastoidectomy is a 
necessary step, particularly in the face of pulsating middle ear 
discharge which is pouring into the external canal. This sit- 
uation indicates a lesion anterior to the cochlea, which is 
unapproachable by the simple mastoid operation. Only by the 
radical operation can subcochlear, supracochlear and precoch- 
lear lesions be approached, as well as closed empyemata in the 
pyramidal apex. The author has had 25 patients in whom 
tubotympanic fistulae were found, were enlarged and their 
contents successfully drained. In the event that no fistula is 
found, one must conclude the presence of an enclosed empy- 
ema in the pyramidal apex, a situation best relieved by the 
operation advised by Almour. Its advantage lies in the avoid- 
ance of bringing purulency in contact with the dura or other 
vital tissues. Obviously, in certain cases meningitis will 
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already have developed and rupture may have taken place 
into the posterior cranial fossa anterior to the cochlea, for 
which situation the best adapted procedure is that suggested 
by Lempert. The more extensive the lesion, the more radical 
must be the surgical attack. Kopetzky has operated upon 46° 
patients, with eight deaths. In 10 instances cure was obtained 
by simple mastoidectomy, in 25 by radical mastoidectomy, 
and in eight by operation according to the Almour technique, 
and in three by the technique of Lempert. 


Kemler* believes that petrositis is more likely to be a com- 
plication of otitis media than of mastoiditis, its incidence 
being about one in 300 cases, especially in the presence of a 
well pneumatized mastoid process. The majority of instances 
of petrositis heal spontaneously but the recognition of those 
not likely to do so is important since, more and more, there 
is a growing feeling that patients dying of meningitis have 
suffered in reality from an unrecognized intermediary petrous 
infection. The author adopts the classification of Myerson and 
divides petrous lesions into four groups: 1. apical empyema; 
2. osteomyelitis of the inferior aspect, a situation in which a 
collection of pus may break into the nasopharynx; 3. gran- 
uloma, with or without pus formation, a form whivh has a 
very high mortality; and 4. a vascular spread through the 
petrous pyramid, usually ending in fatality. In the author’s 
series of six patients, three patients recovered without oper- 
ation. He feels that the first indication is a thorough simple 
mastoidectomy, to be converted later into a radical if neces- 
sary, with wide exposure of the zygoma to facilitate examina- 
tion of the orifice of the Eustachian tube and removal of the 
tensor tympani muscle. The technique of direct approach 
under the roof of the Eustachian orifice between the cochlea 
and the carotid canal has the great disadvantage of being 
hazardous except in the hands of a very few operators. 


Myerson’s operation of skeletonization of the superior semi- 
circular canal may frequently reveal a softened patch of bone 
leading into the apex, from which pus can be liberated. If no 
such patch is found, the apex should be approached by way 
of the anterior pyramidal surface by elevation of the temporal 
lobe after adequate exposure. To facilitate this, removal of 
the spinal fluid may be carried out by lumbar or cistern punc- 
ture, thus lessening intracranial pressure. The squamous 
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portion of the temporal bone is removed to the size of a dollar. 
Useful landmarks as one progresses forward are the arcuate 
eminence, the subarcuate fossa, the roof of the internal audi- 
tory meatus and the roof of that portion of the petrous pyra- 
mid on which rests the Gasserian ganglion. By this approach 
a defect in the petrous wall will frequently be encountered, 
from which pus can be evacuated. Failing to find pus by this 
method, one may await its breaking through into the retro- 
pharynx. 


An excellent summary of the subject of petrositis is a report 
of Moorhead* in a series of 30 consecutive cases of this 
condition with findings at operation of pus in the pyramid. In 
all but three instances there had been previous mastoid oper- 
ations, varying from a week to several months before. In four 
cases the petrous infection followed a reinfection of an old 
healed mastoid with no previous signs or symptoms of petro- 
sitis. Moorehead calls attention to the fact that with an acute 
infectious process in the mastoid, one may have symptoms 
suggestive of petrositis without the necessity for any radical 
operative interference and with complete cure by the simple 
mastoid operation. Eye pain may not be typically in or behind 
the eye but may be around it or in the frontal region above it. 
In the author’s series, only nine patients presented pain in the 
eye, one had no pain whatsoever, and one had pain in the 
eye on the opposite side. Pain in the cheek may be as signifi- 
cant as pain in or about the eye. Middle ear discharge is the 
most common finding, being sometimes profuse, but sometimes 
scanty. There is no characteristic temperature curve but all 
patients had some fever. In 14 cases there was an external 
rectus paralysis of varying extent. The author feels that 
X-ray is of value only as concerning clinical findings and is 
the least valuable and least reliable of all other signs. Stereo- 
scopic films should be taken in the Stenver and Taylor posi- 
tions. Transitory and incomplete facial paralysis was present 
in six of the author’s cases and aided materially in the diag- 
nosis. The later the onset of petrous symptoms after a simple 
mastoid operation, the more significant they are. External 
rectus paralysis following several days of pain and tempera- 
ture signifies an extension of the suppurative process. Such 
paralysis invariably persists, whereas facial weakness may 
disappear. If no previous operation has been done, simple 
mastoidectomy alone should be done and the result awaited. 


ir a 
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After a previous simple mastoidectomy, if the pain is not 
increasing, regardless of the discharge or its amount, the 
patient may be allowed to continue under close observation. 
The longer after simple mastoidectomy that the signs of petro- 
sal involvement appear, the more the probability that further 
drainage will be necessary. The onset of these late symptoms 
warrants pyramidal exploration to forestall meningeal irri- 
tation. Any increase in the spinal fluid cell count would con- 
firm this opinion. Moorehead raises the important question 
of the necessity of sacrificing hearing by the radical mastoid 
operation unless it is absolutely necessary. From his experi- 
ence he feels that in the majority of instances the radical 
mastoid operation is unnecessary in order effectively to drain 
a focus of infection in the petrous pyramid. In the present 
series only one patient had a radical mastoidectomy, and that 
was done before he came under the author’s care. In this 
series there were 10 deaths, but in eight of these the patients 
were operated upon in the presence of a fulminating menin- 
gitis and no other result could properly have been expected. 
The author uses a modification of Eagleton’s operation of 
unlocking the petrous pyramid. The first step is a complete 
exenteration of the operative field by simple mastoidectomy. 
Where this has been previously done, the original incision is 
extended and the bone is removed to expose the dura of both 
the middle and posterior fossae. The bone between these expo- 
sures is then removed and the solid angle taken down between 
the posterior and middle fossa in order to reach the level of 
the labyrinth. This technique is much superior to simple 
removal of the bone overlying the dura of the middle fossa. 
Also, it permits tapping of the pontile cistern in those cases 
in which intracranial pressure is elevated because of menin- 
geal irritation. With the author, tapping of the basal cistern 
is a routine procedure when the cell count in the spinal fluid 
is above normal or whenever it is desirable to reduce intra- 
cranial pressure. A search is then made for any tract leading 
into the pyramid and drainage is instituted along this area. 
If no tract is found, the dura of the middle fossa is gradually 
elevated and the anterior surface of the pyramid exposed. 
Pus may be encountered at this point, but if not, the cortex of 
the bone is opened with a curette or any other sharp instru- 
ment. Drainage is established by one or two strips of rubber 
dam and the wound left wide open. The chief objection to this 
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method is that it does not inspect the peritubal area, where 
there may be a peritubal fistula, though the latter, in the 
author’s experience, is the least common site for petrous infec- 
tion. The objection that too much dura is exposed by 
this method is not valid, nor is that which stresses too wide 
a decompression of the brain. The bone removed readily 
reforms, particularly in children. The objection that the dura 
is easily torn during elevation likewise has not, in the author’s 
experience, been a deterrent and no case of meningitis fol- 
lowed such dural elevation. In fact, several of the patients 
recovered who had even had previous meningeal irritation, as 
shown by the condition of the spinal fluid. The percentage 
of recovery in this series is equal to that of any other author 
and no case was seen in which a radical mastoid operation 
could not be avoided. 


In discussing this paper, Kopetzky quite logically pointed 
out that hearing after the usual radical mastoid operation 
may have already been greatly impaired because of long-: 
standing chronic suppuration. A radical mastoid operation 
for petrositis in acute cases might not be found to impair the 
hearing anything like as much as one might expect as com- 
pared with the impairment resulting after radical surgery in 
chronic otitic suppuration. 


In considering the question of petrositis and its surgical 
control, Carruthers‘? stresses the importance of regarding 
operative measures not only as a means of eradicating the 
local disease but also as a preventive against the development 
of meningitis, the earlier signs of which should always be 
looked for and recognized before it is too late. The problem 
is to know whe. to interfere further and when the advance 
inwards towards the meninges has or has not been checked. 
It is in this respect that the primary danger of inadequately 
or untreated petrositis lies. The proper attitude toward the 
development of meningitis should be that of not accepting it 
as an unavoidable termination in an unsatisfactory case but 
as a complication to be avoided by anticipating its develop- 
ment and directing proper surgical measures toward the site 
of its origin. 


Page** pleads for the conservative treatment of petrositis 
in the majority of cases rather than the stressing of radical 
methods of operation in exceptional instances. Petrositis is 
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relatively rare after thorough mastoid surgery, the author 
having found only nine cases of petrositis in 3,465 cases of 
middle ear and mastoid suppuration at the Manhattan Eye 
and Ear Infirmary in five years. The variation in the number 
of reported cases of petrositis in different hospital clinics 
indicates a different diagnostic attitude by individual oper- 
ators. Moreover, at postmortem in only one instance was men- 
ingitis found to be due to petrositis. The author believes that 
simple procedures should be tried first before progressing to 
more radical ones. Every simple mastoidectomy should be as 
complete as the operator can make it to prevent further devel- 
opment of complication in deeper, unopened cells. The same 
attitude used to be taken toward labyrinthitis which followed 
incomplete simple mastoid operation and which is now slowly 
disappearing. Labyrinthine operations were formerly per- 
formed without adequate indications, and the same may now 
be true of petrositis. 


If, after simple mastoidectomy, pain or headache appear, 
then secondary operation is indicated with widening of the 
aditus and the removal of cells near the superior semicircular 
canal. Attention is also indicated to cells deep in the base of 
the pyramid behind and internal to the facial nerve and 
between the posterior semicircular canal and the jugular bulb. 
If a wide open wound here does not give relief, then radical 
mastoidectomy should be considered. Only after that should 
a radical exploration of the apex be undertaken, and only in 
exceptional cases will such drastic measures be required. 


In a discussion of the principal sites of cellular infection in 
the petrous pyramid, Tobeck** stresses the relationship of 
these infections to the middle ear. Beginning with an occlu- 
sion of the opening of the pyramidal cells and hence an 
obstruction to the drainage of pus forming in them, there 
occurs subsequent bony destruction of the cell walls and irri- 
tation of the adjacent nerves, particularly the trigeminus and 
abducens. The great danger is that of meningitis because of 
adjacent dural infection and a breaking through into the caro- 
tid canal with septic thrombosis of the carotid venous plexus 
and other venous sinuses. Although infection may break into 
the semicircular canal, the labyrinth and cochlea, this type of 
extension is rarer, as is also brain abscess. The author believes 
that 50 per cent of the cases of fatal otitic meningitis are 
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associated with some form of pyramidal infection. Meningeal 
symptoms may come suddenly and measures for their treat- 
ment may be applied too late. Petrous symptoms may be 
present at the onset in otitis media or may come on later, 
in from four to six weeks. The chief thing of importance 
is to suspect the possibility of petrositis as an explanation 
for untoward postoperative symptoms after simple mastoid- 
ectomy. Repeated lumbar punctures are an important diag- 
nostic feature, and a study of the cellular characteristics of the 
spinal fluid will yield valuable information. Even with ade- 
quate surgical drainage, there will be certain foci in the 
petrous pyramid which will result in meningitis because they 
cannot be completely reached surgically. Operations may con- 
veniently be divided into those outside the pyramid, those 
inside the pyramid, with drainage of a focus, and finally oper- 
ation, in which exposure of the focus necessitates destruction 
of the labyrinth. It must be recognized that, although the 
operations themselves frequently entail considerable risk, the 
lesions for which they are applied are so serious as to justify 
their execution. 


Gullermin® and his co-workers feel that, in spite of the 
classical picture of petrositis so frequently quoted, one must 
be on guard against a latent form of this disease, and cites a 
case in which a patient with some signs of external rectus 
paralysis and facial paralysis, but with absolutely no pain or 
aural discharge, was operated upon. Twelve days after oper- 
ation, patient died of meningitis, and postmortem examina- 
tion showed an extensive lesion in the petrous pyramid. 


In a discussion of operative procedures for the treatment 
of petrositis, Jones*' advocates the approach used by many 
neurological surgeons for the Gasserian ganglion. This tech- 
nique, he feels, gives complete visualization of the superior 
surface of the petrous pyramid. It is undertaken through a 
sterile field, avoids elevation of the dura from an infective 
mastoid process, hence does not run the risk of a complicating 
meningitis through accidental laceration of the dura. Patient 
is in the sitting posture to reduce intracranial pressure, thus 
rendering dural retraction easy. With preliminary sedation, 
local or general anesthesia may be used. A perpendicular inci- 
sion extends from the attachment of the temporal muscle 
downwards to the zygomatic process and then anteriorly to 
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the external meatus. Following elevation of the periosteum 
to give as wide an exposure as possible, the trephine opening 
is made with a Hudson burr and enlarged with rongeurs. The 
dura is next elevated around the floor of the middle fossa, 
great care being used where it is adherent. At the location of 
the middle meningeal artery, the latter is occluded by a peg 
inserted in the foramen spinosum. Severing the artery per- 
mits further elevation of the dura and exposure of the third 
division of the Vth nerve as it passes through the foramen 
ovale. This procedure exposes the bony roof of the petrous 
pyramid containing the major cellular elements. The carotid 
artery may have to be depressed in order to permit complete 
removal of the cells of this portion. Drainage may be carried 
out posteriorly through the mastoid wound or laterally 
through the avenue of approach. Bleeding from the carotid 
artery may possibly require ligation. This procedure is suit- 
able for reaching the following types of infection: 1. extra- 
dural abscess in the middle fossa, resulting from exit of pus 
from the petrous pyramid; 2. extradural abscess from the 
posterior fossa, of similar origin; 3. empyema of the ante- 
labyrinthine portion of the petrous pyramid; 4. pericarotid 
abscess; and 5. in the operative attack on cavernous sinus 
thrombosis. 


In studying the pathology of petrositis, Lindsay** found 
that the predominating pathological lesion was a coalescent 
osteitis within the pneumatic spaces, producing destruction 
and gradual erosion of the cortex, either directly or along 
vascular channels in the bone to the middle or posterior cranial 
fossa, or both. In those instances in which there was also 
present a diffuse meningitis, there was evidence that the sup- 
puration had remained localized for a considerable period of 
time and, hence, might have been then amenable to surgery. 
In addition, there was marked evidence of a proliferative proc- 
ess in the bone marrow, with resultant fibrosis and in some 
areas sclerosis, providing a line of defense against invasion 
of the marrow spaces by suppuration in the adjacent areas of 
bone. In only one instance was there found an acute osteo- 
myelitis of the petrous pyramid. In 11 cases the hemolytic 
streptococcus was found responsible in seven, type III pneu- 
mococcus in three, and type I pneumococcus in one. Jugular 
thrombosis may be associated with apical suppuration, but 
unless the latter is independently cared for, ligation and exci- 
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sion of the jugular will not prevent meningeal extension. No 
single operative procedure is suitable for all types of petro- 
sitis. The first essential is complete exenteration of the 
mastoid cells with exposure of the dura of the middle and 
posterior fossae. If the labyrinth functions normally and no 
fistulous tract is evident, the dura must be elevated beyond 
the arcuate eminence in the middle fossa. Apical abscesses 
are, in general, not accessible from the mastoid. While a fis- 
tula into the middle ear may permit spontaneous recovery or 
act as a lead to the focus in the apex, the commonest situation 
is that of a closed abscess. The author’s procedure was adop- 
tion of a radical mastoid operation with extension by removal 
of the processus tympanicus, the zygomatic root, the anterior 
canal wall and the tensor tympani muscle. The apex was then 
entered from in front of the cochlea by means of a Eustachian 
tube curette. The chief risk of the intrapetrosal approach 
from the middle ear is hemorrhage, but it is the most practical 
for closed abscess of the apex. One must recognize that local 
meningeal inflammation may be present before changes are 
evident in the spinal fluid.. Pain or headache was the most 
reliable constant symptom. The author has found X-ray most 
helpful in diagnosis, particularly in Stenver’s position, but it 
gives no information as to when or where intracranial exten- 
sion is likely to take place. 


In a splendidly written and meticulously detailed article, 
Wrishart*’ reports three instructive cases of different types of 
petrosal infection, drawing from them certain important con- 
clusions. The first is that of a girl, age 12 years, with long- 
standing history of recurrent cervical adenitis, who finally 
died of meningitis, autopsy revealing a large abscess in the 
neck, which had broken through into the petrous pyramid. 
There was a possibility of an underlying tuberculous condi- 
tion. The second case was that of a boy, age 12 years, with 
a typical symptom-complex of petrositis with classical symp- 
toms. After a series of operations progressing from simple to 
a radical mastoidectomy, spontaneous drainage of the infec- 
tion in the petrous pyramid took place and the patient grad- 
ually recovered. In the third case, a girl, age 17 years, devel- 
oped an acute middle ear infection with mastoiditis treated 
by simple mastoidectomy. Meningitis gradually developed, a 
radical operation was done and every effort made to find a 
fistulous lead near the Eustachian tube, without success. 
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Patient gradually became worse and finally died of what was 
suspected to be a cerebellar abscess. Autopsy, however, 
revealed a large abscess in the petrous tip. 


Wishart intimates that possibly the operation by the 
Kopetzky and Almour technique might have avoided this 
tragedy in spite of the risk entailed in its execution. He then 
goes on to trace the rise of importance of the subject of petro- 
sitis from the time when no mention of it could be found in 
the literature. He discusses the present concept of the struc- 
ture of the petrous bone, consisting both of pneumatic cells 
and of marrow cells, with the utmost variation in the extent 
and relationship of these two types. 


There is still no agreement as to the points of origin of the 
pneumatized petrous cells, whether from a single area near 
the orifice of the Eustachian tube or from multiple areas, as 
claimed by Guild. This situation has definite bearing on the 
surgical approach since to curette and break down infected 
pneumatic areas is good surgery, whereas the same approach 
to infectious osteomyelitic areas is not. Air cells become 
infected through their point of origin, whereas marrow cells 
may become infected either from adjacent air-containing cells 
or by way of the general blood stream, as seen in osteomye- 
litis of the long bones. Thus, empyema of the petrous tip 
raises the problem of whether the surgeon shall approach it 
from outside the petrous bone, through the petrous bone 
or merely by exposure of the Eustachian tube area. The 
approach from without, by way of the middle fossa, can be 
safely made only to within a few millimetres of the Gasserian 
ganglion. Attack beyond this point risks rupture of the arach- 
noid with almost inevitable meningitis. Only the fortunate 
encounter of an extradural abscess with the ability to probe 
or curette the petrous tip through a walled-off area can justify 
this approach. The posterior cranial fossa approach is even 
more hazardous, though the complicated and time-consuming 
technique of Lempert is an attempt to solve this problem. The 
intrapetrosal approaches of Ramadier and of Almour both 
have serious objections because of difficulties and risk. It is 
the author’s opinion that the present vogue for petrositis has 
given it a prominence and appearance of frequent occurrence 
not justified by a large group of patients. In 15 years, in 
3,425 consecutive autopsies at the Hospital for Sick Children, 
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in Toronto, suppuration of the petrous tip was discovered in 
only one case. In the Ear, Nose and Throat Department of 
the Royal Infirmary, in Edinburgh, in 1,279 consecutive cases 
of mastoiditis which came to operation, including all those 
showing intracranial complications and which came to post- 
mortem, there was only one case of meningitis following 
apicitis. 

In attempting to explain this situation, Wishart doubts that 
it is the result of failure to discover petrositis at autopsy and 
feels that, more likely, petrositis may have been present in 
some cases of intracranial complication which recovered. He 
feels that most patients with petrositis will recover with a 
thorough, properly done mastoid operation and with proper 
after-care. The Gradenigo syndrome with VIth nerve paraly- 
sis is by no means assurance of the presence of petrositis. 
X-ray is helpful but is less important in an uncertain and sus- 
pected case than in one in which definite clinical symptoms 
suggest petrositis. It is more important when negative than 
positive, since many cases showing X-ray changes have recov- 
ered with conservative treatment. The author suggests that 
X-ray study of the petrous be confined to cases where the clin- 
ical studies suggest the possibility of suppuration. He feels 
that an examination of any large number of cases of otitic sep- 
sis justifies the opinion that the majority of suppurations in 
the petrous pyramid will drain and heal spontaneously. 
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THE PROGRESS OF DEAFNESS IN CLINICAL 
OTOSCLEROSIS.*+ 
C. C. BuNcH, Ph.D., St. Louis. 


There is quite general agreement among authorities as to 
the progressive nature of the deafness in cases of clinical 
otosclerosis. Lederer’ in his new text says, ““The deafness 
begins unilaterally and is insidious in its onset... . Eventually 
both ears become affected, resulting in a high degree of deaf- 
ness... . Increasing deafness, coming on for months and even 
years, should arouse suspicion of this disease entity.” Kerri- 
son’ says, “The impairment of hearing is frequently so grad- 
ual in its advance as to be fairly pronounced before the 
patient is fully aware of his functional loss. In the early 
stages the impairment of hearing may be manifested by slight 
loss of auditory acuteness for the watch, acoumeter and the 
conversational voice, and by very slight increase in hearing by 
bone conduction. . . . The course of the disease varies greatly 
in different cases. In some cases the disease progresses rap- 
idly from the start, leading within a comparatively short 
period to very marked — sometimes to profound — deafness. 

. Fortunately, there is a large class of cases in which the 
disease is very gradual in its advance. In some cases years 
may elapse without apparent progress in the lesion.” Holm- 
gren,* after an interval of from 11.2 to 17.2 years, re-exam- 
ined the hearing of 66 of his otosclerotic patients and found 
that in 16 the exacerbation was marked, in seven it was 
marked and rapid, in 21 it was moderate, in two it was slight, 
in seven it was slight and slow, in six there had been no prog- 
ress, and the progress in seven could not be determined 
because the deafness was so marked at the first test. He 
states, “The patient’s hearing fluctuates, depending upon 
many various circumstances. If the patient is in good condi- 
tion, the distance becomes greater, and if he is in a poor 
condition (as a result of ioss of sleep, nervousness, the influ- 
ence of sedatives, etc.), the distance becomes shorter. Psychic 


*Read at the Seventy-second Annual Meeting of the American Otological 
Society, Rye, N. Y., May 22, 1939. 

{From the Department of Otolaryngology, Oscar Johnson Institute, 
Washington University Medical School. 

Editor’s Note: This —y received in Laryngoscope Office and accepted for 
publication, May 29, 193 
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conditions play an important part. If the patient ‘wills to 
hear,’ the distance becomes greater. If the patient is tired, 
depressed or indifferent, the distance becomes less. ... All of 
this is well known to the experienced otologist. I mention it 
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Fig. 1. Records of two tests with an interval of over six years are 
shown at the top. Fifty-nine tests of this patient are tabulated at the 
bottom. The heavy broken line passes through the thresholds most fre- 
quently recorded. The parallel lines of dots are drawn 5 units above and 
below this heavy line. 


Audiograms of URS. R. B. age 19 (1934). 
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Fig. 2. Records of a patient who has been tested 27 times during a 
period of three and one-half years, treated similarly to those shown in 
Fig. 1. 


here in order to emphasize the fact that the whispering dis- 
tance and conversational distance, even if recorded by the most 


experienced and trained examiner and under the most favor- 
able conditions, have only a limited value and must under no 
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consideration be taken as a sure gauge of the patient’s hearing 
and as such used for comparison with values obtained at 
another examination. . . . The best method for obtaining 
objective and commensurate values is to make use of an audi- 
ometer. Hearing results following operations for otosclerosis 
recorded only by whispering and conversation distance are 
not reliable, provided the differences and distances are not 
great.” 


If, then, otosclerosis be progressive as defined and described 
by these authorities, just what prognosis shall the otologist 
give his otosclerotic patient? Shall he tell the patient that his 
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Fig. 3. First and last records of three patients who have been tested 
repeatedly during periods ranging from two and five-sixth years to four 
and two-third years. All were under age 20 years at the time of the first 


test. 


deafness will become more marked? If so, will the progress 
be slow or rapid? How long will it be before the patient will 
cease to have useful hearing? Are there any conditions which 
tend to aggravate the deafness? These are some of the ques- 
tions which have brought about this study. 


It appears that these problems may be solved by either of 
two methods: first, by testing the hearing of a large number 
of patients throughout life and carefully studying changes as 








796 BUNCH: PROGRESS OF DEAFNESS. 





they appear; or, second, by testing a large number of cases 
at different age levels and by statistical methods to determine 
the amount of change at each age level. This report covers 
the attempts which have been made, using both these methods, 
in a very small way during the last 10 years in an attempt 
to secure some hint as to the answers to these questions. 


It should be stated that the diagnosis of otosclerosis in each 
of the cases presented was made by competent otologists on 
the staff of the Department of Otolaryngology at Washington 
University. The classical picture secured by the fork tests, 
together with the absence of tubal or tympanic pathology, was 





















audiograms of Ss. M. age 29 (1952). 
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Fig. 4. First and last records of three patients who have been tested at 
intervals during a period ranging from five and one-third years to six 
years. All were within the third decade at the time of the first tests. 


the basis for diagnosis. All audiometric tests were done by 
the writer, using a Western Electric 1A Audiometer. In no 
case was the diagnosis made on the basis of the audiometric 
tests alone. 


One of the first problems which arises in any audiometric 
study is to determine the accuracy of the patient’s response. 
That there must be variations in any two tests of the same 
patient is as true of audiometric tests as it is of any func- 
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tional test. How great shall this variation be before it shall 
be considered significant? Suggit* says, “No treatment of oto- 
sclerosis can be considered of value unless it can produce a 
sustained improvement in hearing appreciably greater than 
10 deb. over the greater part of the range, 64 to 8,192 d.v.” 
The writer interprets this to mean that changes less than 
10 deb. are indefinite. This variable, which might be called 
the patient’s attention factor, is illustrated in Fig. 1. At the 
top of the chart are the audiograms for the right and left 
ears secured in two tests, taken approximately six years 


MEARING LOPS (SENSATION UNITS) 
i 


i 
i 


2 
© =Record of Nov. 
a2 






MEARING LOSS (SENSATION UNITS) 


i 


10° 





=F : i 
Ty i 
g 


HEARING LOSS (SENSATION UNITE) 


110 | © =Record of Mey 17, 1933, — 
| 2 e« °s 

120 

wre 


4 


o « - ° - ad - 





© 
Fig. 5. First and last records of three patients who have been tested at 


intervals from two years to four and one-half years which show a ques- 
tionable progress of the deafness. 


apart. The records for the right ear show that seven tones 
have the same threshold in both tests, six had a variation of 
5 deb., and for one tone the variation was 10 dcb. The left 
ear shows the same threshold for five tones, seven tones varied 
5 deb., and two tones showed 10 deb. variation. More than 
this, in each ear the curves cross several times. This is as 
close to identical records as the writer has been able to obtain 
in repeated tests of the same patient, no matter what the time 
interval may be. This patient, diagnosed as having otosclero- 
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sis, was tested 59 times during the six years. The thresholds 
of the 59 tests are tabulated as a scattergram at the bottom 
of the same figure, which shows considerable variation in the 
threshold readings. For example, in the right ear the tone of 
1,024 d.v. was heard seven times at 20 dcb., 19 times at 
25 deb., 20 times at 30 deb., 12 times at 35 dcb., and once at 
40 deb., the scattering being from 20 deb. to 40 deb. This may 
be considered a wide variation; however, if a line be drawn 
through those points where the greatest number of thresholds 
are recorded (illustrated by the heavy broken line in the 
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Fig. 6. First and last records of patients who have been tested at inter- 
vals for more than four years. These records show questionable improve- 
ment in hearing in one or both ears. 
charts), and parallel lines drawn at a distance of 5 deb. from 
this broken line (illustrated by the two lines of dots), the 
area included between the dotted lines, which represents a 
plus or minus variation of 5 dcb., contains approximately 
80 per cent of the entire number of threshold readings. The 
records for the left ear show a similar variation, except that 
at 32 d.v. and 128 d.v. the variation is 7.5 deb. 


Fig. 2 shows a similar treatment of the records of another 
otosclerotic patient who has been tested 27 times during a 
period of three and two-third years. In Fig. 2 the scattering 
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appears greater, but it must be remembered that fewer tests 
are recorded. Neither of these patients was aware of any 
increase in deafness while she had been under observation. 
On the basis of these two charts, in this study at least, 
changes greater than plus or minus 5 deb., or 7.5 deb. at the 
most, must be considered significantly greater than the atten- 
tion factor. 


Fig. 1 reveals other pertinent information. The close 
approximation of the records secured during this period of 
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Fig. 7. Records of three cases which show definite progress of the deaf- 
ness. In No. 2 the loss in the left ear was evident in three months. 


six years indicates that no measurable change in the calibra- 
tion or output of the audiometer is apparent. If changes have 
taken place, they are less than the listener is able to determine 
or record. The instrument has been in constant daily use for 
over 10 years. The necessity for constancy of technique and 
stability of calibration in a study of this character is apparent. 


Fig. 3 shows the records of three patients, all under age 
20 years at the time of the first test. For convenience in com- 
parison, the records of the first and last tests for each ear 
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have been plotted on the same chart. No. 1 has been tested 
16 times in three and five-twelfth years; No. 2, 21 times in 
two and five-sixth years; and No. 3, 14 times in four and two- 
third years. In each chart the curves of the two records cross 
several times, and only in the right ear of No. 3 according to 
the criteria above can there be said to be an increase in the 
deafness, and in this ear the additional loss is for tones below 
1,024 d.v. The loss is 20 deb. at 512 d.v. but is otherwise 
within the limits of observation. By the same standard, the 
records for the left ear of No. 2 indicate improvement, but 
the amount of gain is not greater than 10 dcb. for any tone 
and is probably within the limits of observational error. All 
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Fig. 8. Records of two cases showing definite improvement in hearing. 


show losses of 50 deb. or less. (The normal curve for tests 
in a soundproof room has not been drawn in these charts 
because it is not essential for comparison.) It is concluded 
from the six records that four show no change, and that the 
changes in the other two are questionably beyond the limits 
of observational error. 


This is illustrated again in Fig. 4. All of these patients 
were in their twenties at the time of the first test. No. 1 has 
been tested 25 times in six years, No. 2 eight times in six 
years, and No. 3 12 times in five and one-third years. The 
manner in which the curves cross in each record indicates 
that no measurable increase in the deafness has taken place. 








BUNCH: PROGRESS OF DEAFNESS. 801 


A comparison of the records in Figs. 4 and 5 shows about 
the same degree of loss, regardless of the fact that the 
patients whose records are shown in Fig. 4 are 10 years older 
than those shown in Fig. 3. While the records are not entirely 
similar in contour, all show about 40 to 60 deb. loss through 
the speech range; i.e., from 300 to 3,000 d.v. 


Fig. 5 shows the records of three patients with a question- 
able slight increase in hearing loss. In the left ear of No. 1 
almost every tone is lower in the last test than in the first 
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Fig. 9. Records of six patients under age 20 years. No. 2 shows the most 
marked hearing loss. 


by 5 deb., yet because the curves do not cross, the loss may 
be definite. The left ear of No. 2 shows a loss of from 10 to 
15 deb., while the right shows no progress. Both ears in No. 5 
show from 10 to 15 deb. increase in the deafness. 


By the same standard, the records shown in Fig. 6 indicate 
questionable improvement. Both ears of No. 1, in tests 
approximately four years apart, give better records in the 
most recent test. This patient, a nurse, was told by her otol- 
ogist that she would eventually become deaf and that she 
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should learn lip-reading at once. She became mentally upset 
when this prognosis was given, but as she watched the results 
of the tests from time to time she “snapped out of it,” and 
after six years she now holds a responsible position, and many 
who meet her are unaware that she has any hearing defect. 
No. 2 shows slight improvement in the right and possibly a 
slight improvement in the left. All three are going about their 
work successfully. No ear treatment was given at any time. 
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Fig. 10. Records of six patients in the third decade. None of these have 
as marked loss as No. 2 in Fig. 9. 


Fig. 7 shows the records of three patients whose deafness 
has progressed subjectively and according to the audiometric 
tests. No. 1 shows as much as 35 dcb. additional loss in the 
left ear for tones of high pitch. The change in the left ear of 
No. 2 occurred in two months. (This patient’s complete rec- 
ord, except for the test on July 21, 1932, is shown in Fig. 1.) 
Each successive test of the left ear of No. 3 showed slight 
increase in the hearing loss, and the two ears had reached 
almost the same level at the time of last test. 


Fig. 8 shows the records of two patients whose hearing, 
definitely improved during the time they were under observa- 
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tion. In No. 1 the improvement noted in the left ear between 
March 2, 1932, and Feb. 6, 1934, was quite marked, but by 
April 29, 1938, it had again fallen almost to the same level as 
it was in 1932. The lady whose record is given in No. 2 
thought her hearing in the right ear was normal on Dec. 10, 
1935, but subsequent tests showed that it was again falling. 
No. 1 was a diabetic and had bad teeth and tonsils. While she 
was hospitalized for the diabetic condition, she had an acute 
attack of cholecystitis, and at the time of operation a cyst, 
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Fig. 11. Records of patients in the fourth decade. No. ‘ was first diag- 
nosed in 1924. 


the size of a lemon, in her liver was drained. No. 2 underwent 
a severe abdominal operation. 


The patients whose records are shown in Fig. 9 were all 
under age 20 years. A great variation in acuity will be noted. 
No. 2 has a marked loss, especially for high tones, and has 
brittle bones. No. 4 also has brittle bones and has very little 
loss in the left ear. It might be said that the records of 
Nos. 3, 5 and 7 are similar, in that they show almost equal 
losses for all tones. 
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Fig. 10 shows the records of six patients in the third dec- 
ade. No. 6 has a slight loss in the left ear, while No. 2 shows 
marked bilateral loss. The variation here is as great as that 
shown in the younger group. 


Fig. 11 shows the records of three patients in their fourth 
decade. The losses in Nos. 3 and 5 are not great, while Nos. 1 
and 2 are quite marked. The diagnosis of otosclerosis in No. 3 
was made when she was tested with an early pitch range 
audiometer in 1924. No comparisons of the two records is 
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Fig. 12. Records of patients in the fifth decade. Some of these have no 
greater hearing loss than those shown in Fig. 9. 


possible but the slight loss shown in her last test indicates 
that the hearing loss has been very little in the 12 years 
between the tests. In 1924, when she was unmarried, she was 
informed as to the generally accepted opinion concerning the 
influence of child-bearing upon the progress of deafness in 
otosclerotic mothers. In 1936, she had married but had 
remained childless and made inquiries as to the more recent 
thought concerning this subject. 


Fig. 12 shows the records of six patients in their fifties. 
Losses equal to that shown in Nos. 1 and 2 can be matched in 
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the records of those in the younger groups. No. 2 shows less 
hearing loss than No. 6 of the 20-year group, yet she stated 
that she had noted her deafness for 50 years. No. 3, who is 
age 51 years and has been hard-of-hearing all his life, gives 
a record which shows no greater loss than No. 2, of Fig. 9, 
who is but age 18 years. 
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Fig. 13. Records of patients in the sixth decade. No. 2 shows no greater 
loss than some of those in the second decade but she has been aware of 
her hearing loss for 50 years. 


The records of most marked deafness which have been 


discovered in this study are illustrated in Fig. 15. Nos. 4 
and 6 are under age 25 years. No. 2 was age 71 years. 


During the course of this study, the writer has been for- 
tunate enough to be able to test at intervals the hearing of 
six women who have borne children during that time of 
observation. Three of these are shown in Fig. 14. All three 
were primiparas. The right and left ears are recorded sep- 
arately for convenience of comparison. Three tests are 
recorded on each chart, one before childbirth; a second, 
shortly after, and the third at a later date. It is difficult to 
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see in any where a definite increase in deafness has accom- 
panied the child-bearing. 


Fig. 15 contains the records of three more women who have 
been tested before and after child-bearing. The manner in 
which the curves cross and recross shows that litle, if any, 
loss has occurred. 


The six records shown here are insufficient evidence to 
prove or disprove the statement that pregnancy causes an 
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Fig. 14. Records showing the most marked hearing loss encountered 
during this study. No. 6 was age 18 years, while No. 2 was age 71 years. 
increase in the deafness of otosclerotic members. Many more 
cases should be studied. In these six the deafness has not 
progressed. No other audiometric studies were available for 
comparison. 


COMMENTS. 


The short periods of time during which these patients have 
been under observation, viz., up to six years, cover such a 
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small part of the lifetime of any one of them that no compre- 
hensive conclusions may be drawn. It can be definitely stated 
that in some there was no measurable increase in the hearing 
loss. With those in whom the deafness has increased, no obvi- 
ous factor in the physical condition or state of general health 
and no peculiar result in the functional tests gave clues to 
reveal whether or not a change in hearing might be predicted. 
This is evidenced in the fact that changes, either improve- 
ment or regression, were often unilateral. It so happens that 
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Fig. 15. Records of three mothers taken before and after their first 
babies were born. 


the two patients which showed the most marked improvement 
underwent serious surgical operations, but since this study 
was conducted in a hospital it is to be expected that some of 
those under observation would be hospitalized. 


It appears certain that time alone is not the factor deter- 
mining the progress of the deafness. 


The statements of patients relative to the progress of deaf- 
ness cannot be accepted as factual unless the changes be quite 
marked. Often these patients claimed changes either of 
improvement or regression which the tests failed to substan- 
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tiate. The records of tests made when a patient felt “low” 
were often somewhat lower than those secured when he felt 


physically fit, or, as Holmgren stated, when he “willed to 
hear.” 


A rather peculiar vicious cycle of circumstances was fre- 
quently noted concerning the patient’s perception for conver- 
sation, circumstances which may not be common to otoscler- 
otics alone. When they are fatigued, they exert additional 
physical and nervous energy to understand their associates. 
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Fig. 16. Records of three mothers who bore children while this study 
Was in progress. No. 3 was first tested after her third child was born. 


This results in greater fatigue and eventually they cease to 
listen and, consequently, give the impression of greater loss 
than actually exists. 


The evidence presented covers this subject very inade- 
quately. No definite conclusions applicable in an individual 
case has been formulated. It is certain in some cases that no 
increase in deafness has occurred. In a few, the deafness has 
increased. To counteract this, the hearing has improved in 
some. In no case did the deafness progress to complete loss 
for the human voice. In his contact with otosclerotic patients, 
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the otologist should consider the possibilities very carefully 
before making his prognosis. Each individual case is worthy 
of the most careful study. 
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THE FREQUENCY OF INCREASED NYSTAGMUS TIME 
AFTER ROTATION IN MULTIPLE SCLEROSIS.*7 


Dr. PAGE NORTHINGTON, New York. 


Although our knowledge is considerable on the diseases that 
cause a hypoactive type of vestibulo-ocular reflex, information 
is meagre on the diseases that are responsible for the alter- 
ation in the reflex when it is hyperactive. For some time it 
had been my impression that a prolonged postrotatory nystag- 
mus time occurred with greater frequency in those patients 
with the diagnosis of multiple sclerosis than in. any other 
diseases, so it was thought to be worth while to obtain more 
information on its relative frequency by a survey of the 
records of patients who had functional ear examinations. 
Through the co-operation of the neurological service over sev- 
eral years, it has been possible to perform the cochlear and 
vestibular tests in a large group of patients, and this report 
represents a survey of a few over 2,000 case records. 


REVIEW OF LITERATURE. 


The accumulated literature of vestibular reactions in intra- 
cranial diseases is extensive but only a few reports were 
found on observations made in multiple sclerosis and other 
degenerative types of brain lesions. Barany reported a case 
of multiple sclerosis with findings that corresponded to those 
usually present in patients with acoustic neuroma. Brunetti 
reported a very similar case, in that the symptoms on the 
functional ear examination were suggestive of an VIIIth nerve 
tumor. Beck reported a case of unilateral temporary loss of 
cochlear and vestibular functions in a case of multiple sclero- 
sis. In a patient with arteriosclerosis, Beck observed vertigo 
and nystagmus with falling backward during an attack. The 
hearing was normal. The nystagmus reaction was normal on 
the rotation and caloric tests, but the pointing and falling 
reactions were absent. He thought that this patient had small 





*Read at the Seventy-second Annual Meeting of the American Otological 
Society, Inc., Rye, N. Y., May 23, 1939. 

*From the Department of Otolaryngology, College of Physicians and 
Surgeons, Columbia University. 


Editor’s Note: This ms. received in Laryngocope Office and accepted for 
publication, June 5, 1939 
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hemorrhages from arteriosclerosis in the cerebellar cortex. 
Leider thought that the spontaneous nystagmus present in a 
patient with syringomyelia was the result of a lesion of the 
arcuate fibres running from the lowest portion of the vestib- 
ular nerve. Poston cited the great frequency that nystagmus 
and other vestibular phenomena occurred in encephalitis and 
the considerable variations that might be in different patients. 
Friesner, in a group of 10 cases of multiple sclerosis, found 
that the spontaneous nystagmus frequently persisted despite 
the superimposed induced nystagmus, “so that in response to 
cold, caloric stimulation, one may have a normal nystagmus 
directed to the side opposite to the ear that is stimulated and 
yet the spontaneous nystagmus in some other direction will 
persist, and may even be accentuated.” In one case of Fries- 
ner’s there was no nystagmus, but normal vertigo and past- 
pointing on the caloric test. Spontaneous nystagmus occurred 
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in seven of the 10 cases with no regularity of direction, and 
in some there was a combination of directions. As determined 
by the pointing test, there was no vertigo in any of the cases. 
In none was there found any impairment of hearing. The 
rotation test was not done in Friesner’s cases. Barre reported 
that the sudden onset and type of vestibular disorder in the 
early stage of some cases of multiple sclerosis might be 
thought to be an acute labyrinthine disease. He concluded 
from the rotation and caloric tests that the vestibular reac- 
tions were normal in 60 per cent, hyperactive in 11 per cent, 
and hypoactive in 9 per cent. The hyperactive group were in 
the well advanced cases of multiple sclerosis. Although he 
gave ony 11 per cent in the hyperactive group, he stated 
that the most outstanding finding of the vestibular symptoms 
in multiple sclerosis is the great predominance of subjective 
and irritative phenomena over deficiency. 
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METHOD OF EXAMINATION. 


A physical examination of the ears, nose and throat was 
made. After making observations for a spontaneous nystag- 
mus in both the face-front and face-up positions, the patient 
in the face-front position with eyes closed was rotated to the 
right, 10 times in 20 seconds. On stopping the chair —a 
brake-stop was not used — the patient was directed to open 
his eyes and look straight away in space. The postrotatory 
nystagmus was observed as to its direction, plane, amplitude 
and duration. Following rotation to the right, the patient was 
rotated to the left and similar observations were made. It 
was not particularly difficult to accurately determine the post- 
rotatory nystagmus time in patients that had a spontaneous 
nystagmus. A spontaneous nystagmus was rarely found when 
the eyes were in the primary position, and when it did occur 
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a point of fixation that moved the eyes from the primary 
position could be found that caused the spontaneous nystag- 
mus to stop. Having determined the direction of gaze in 
which there was no nystagmus, the patient, following rota- 
tion, was told to fix again his gaze in that direction, for 
observation on the duration of the postrotatory nystagmus. 
The frequency of spontaneous nystagmus in patients with a 
postrotatory nystagmus time over 30 seconds is shown in 
Table III. An upper limit of 30 seconds for the duration of 
the normal postrotatory nystagmus time was used. An expla- 
nation for my adopting a lower limit than conventionally is 
used is given in the discussion. 


CLINICAL MATERIAL. 


With a few exceptions, the case reports are of patients 
that were examined in the hospital on neurological service, 
where they had been admitted for an investigation of their 
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illness. The diagnosis of the cases of intracranial tumors 
was made from the findings on operation or necropsy. The 
diagnosis in the cases, other than the tumor group, was made 
after examinations during a period of observation by the 
neurologists. The cochlear and vestibular tests were made 
as part of the general neurological investigation. It is seen 
in Table IV that the postrotatory nystagmus time was over 
30 seconds in 77 per cent of the patients with multiple sclero- 
sis, 19 per cent with psychoneurosis, 22 per cent with arterio- 
sclerosis, and 27 per cent with intracranial tumors. In 
addition to those groups of diseases in which the postrotatory 
nystagmus time occurred with considerable frequency, it 
was found in at least one patient with the diagnosis of 
encephalopathy, encephalitis, encephalomalacia, posterior lat- 
eral sclerosis, amyotrophic sclerosis, syringomyelia, olivopon- 
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tocerebellar atrophy, general dysplasia of the nervous system, 
thrombosis of inferior cerebellar artery, cerebral thrombosis, 
neurofibromatosis, concussion of the brain, chronic lymphatic 
leukemia. and syphilis. Those diseases may be classified in 
general as caused by degenerative types of lesions. 


The frequency of spontaneous nystagmus as compared with 
that of prolonged postrotatory nystagmus in the case reports 
is shown in Table IV. The spontaneous nystagmus was pres- 
ent in 63 per cent of the patients with multiple sclerosis, 
18 per cent with psychoneurosis, 18 per cent with arterio- 
sclerosis, and 42 per cent with intracranial tumors. Although 
caloric tests were done, a statistical report of the results is 
not included here. It seems sufficient to state that in the 
52 patients with multiple sclerosis, the postrotatory time was 
over 30 seconds in 40 cases. but the caloric nystagmus reac- 
tion occurred earlier than the normal time after beginning 
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the irrigation in only six cases. At least in this group of 
cases one must conclude that there is no parallel in the 
increase of nystagmus response to the rotation and caloric 
tests. In Tables V, VI, VII and VIII it is seen that the aver- 
age hearing of the patients with multiple sclerosis, psychoneu- 
rosis, arteriosclerosis and intracranial tumors (cases of 
tumors of the cerebellopontine angle are not included) com- 
pares favorably in the different age groups with the normal 
hearing as reported by Bunch. 


Since a visual disorder is reported commonly in multiple 
sclerosis and as it might be the cause of a complaint of dizzi- 
ness or disturbance of gait, it would seem worth while to 
include its frequency in these case reports. The complaint 
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with reference to the vision was that of either blurred vision, 
diminished vision or double vision, and it occurred in 14 of 
the 52 patients with multiple sclerosis. In only one had there 
been made the diagnosis of retrobulbar neuritis, and in this 
patient a temporary improvement in the vision followed an 
operation on the ethmoid and sphenoid sinuses. 


As to the complaints of the patients with multiple sclerosis 
that might be considered as a symptom of a vestibular dis- 
order, 10 gave a history of having either dizziness, dizzy 
attacks or vertigo, some with nausea and vomiting, and 34 
gave a history of a disturbance of equilibrium variously 
described as either unsteadiness, swaying, staggering, lack of 
balance, difficulty in walking, weakness in legs, stiffness in 
legs, drunken walk or wabbling gait. 
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Although a focus of infection is included as an etiologic 
factor in one of the many theories of the cause of multiple 
sclerosis, there was no evidence from the ear, nose and throat 
examination to support that theory in this group of patients. 


DISCUSSION. 


The important matter for consideration in this report is the 
diagnostic significance, if any, of the finding of postrotatory 
nystagmus time over the normal duration, so first, although 
it may be inexact, a standard time for the upper limit of the 
normal postrotatory nystagmus time must be adopted as a 
means of measurement. It is seen in this report that a nystag- 
mus time of over 30 seconds is considered over the normal nys- 
tagmus time following rotation. There will be no general agree- 
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ment, I am sure, of my adopting such a short physiological 
duration for the postrotatory nystagmus time. The duration 
of the normal postrotatory nystagmus time is commonly given 
as 36 seconds for the upper limit, although the army adopted 
34 seconds as their upper limit for acceptable aviation per- 
sonnel. The complex nature of the vestibulo-ocular reflex 
makes it impossible to be able to obtain such precision meas- 
urements that a very definite limit can be established between 
the normal nystagmus reaction and the increased nystagmus 
reaction that may be applicable in every patient. It would be 
more accurate to designate reaction time as averages in the 
presumably healthy than to adopt absolute limits for the nor- 
mal range. In addition to the variables inherent in the rota- 
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tion test, lack of precisely the same head position and varia- 
tions in acceleration, retardation, timing and observation for 
nystagmus from patient to patient, there are doubtlessly incal- 
culable influences on the nystagmus by the central nervous sys- 
tem even in the normal. To see one case of voluntary nystag- 
mus: a person who at will can begin and stop his eye move- 
ments, which in all respects appeared to be similar to a nys- 
tagmus that might be caused by disease, the examiner is not 
likely to consider the vestibulo-ocular reflex as being entirely 
involuntary in character. That an emotional status might 
vary the postrotatory nystagmus time is suggested by Mowrer 
in his studies of nystagmus in pigeons during excitement and 
during rest. On observations for spontaneous nystagmus fol- 
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lowing brain lesions, made by Barrera in monkeys, the nys- 
tagmus for a few days after subsiding could be made to 
reappear on excitement; possibly it was fear or anger. In 
practice, the decision of whether a reflex action is either 
slightly hypoactive or slightly hyperactive or just within the 
normal limit largely depends on the examiner’s clinical experi- 
ence. Several years past, I examined some 500 midshipmen 
at the Naval Academy as a survey for potential aviation per- 
sonnel. The rotation test was a part of the examination, and 
the nystagmus time following rotation in 104 of those mid- 
shipmen was obtained from the files of the Bureau of Medicine 
and Surgery, through the courtesy of Comm. J. C. Adams. 
It may be seen in Table I that the postrotatory nystagmus 
time was not over 30 seconds in any one of the 104 midship- 
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men that were examined. Consistent with the low upper lim- 
its for postrotatory nystagmus time in Table I is the report 
by Patson and Segar, in which the nystagmus time was over 
30 seconds in only three cases out of the 100 student aviators 
examined. Malan reports that in the examination of 11,000 
normal subjects the postrotatory nystagmus was over 30 sec- 
onds in only 7.12 per cent. Guilder and Hopkins found a mean 
of 19.6 time for postrotatory nystagmus time in a normal 
group, which is almost identical with the findings listed in 
Table I, and that the maximum time found in any case was 
34 seconds. The mean duration of postrotatory nystagmus 
time is given by Barany as 25 seconds, and by Jones as 24 
seconds. In the examination of those in health and illness, a 
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postrotatory nystagmus time of over 30 seconds has been 
found in only a few persons when there were no substantiat- 
ing symptoms of some disease; therefore, 30 seconds was 
used as the upper limit for normal postrotatory nystagmus 
time. 


It would be of considerable clinical aid in the evaluation 
of the symptom of prolonged postrotatory nystagmus time in 
patients if our knowledge of vestibular physiology was more 
complete. There is no general agreement among research and 
clinical investigators, even on a theory to account for nystag- 
mus continuing after the rotation of the subject ceases. The 
unsettled problem is that of whether the nystagmus after rota- 
tion is dependent on the stimulation continuing from tempo- 
rary alterations in the vestibular receptor caused by retard- 
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ation and stopping of the rotation, or the nystagmus is 
dependent on some after-discharge process of impulses built 
up in the vestibular nuclear complex and connections during 
this period of stimulation. Reports of observations are plen- 
tiful in support of a theory for either a peripheral or central 
vestibular responsible mechanism. It may well be, as Mowrer 
concludes from a discussion of the evidence presented by 
research studies in the field of physiological vestibular func- 
tion, that both the vestibular receptor and vestibular nuclei 
are capable, by quite independent mechanisms, of after-dis- 
charge. If the hypothesis is accepted that either one of the 
two special mechanisms may be responsible for the physiolog- 
ical nystagmus reaction after rotation, there arises the neces- 
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sity in clinical medicine of determining whether the cause of 
variations from normal nystagmus reactions is from disease 
of the peripheral or central vestibular components in each 
patient examined. In the clinical material that is reported on 
here, the prolonged postrotatory nystagmus time occurred 
chiefly in two groups of patients; one with lesions of a degen- 
erative type, and one with neoplastic lesions. It must be con- 
sidered as possible for intracranial tumors to modify the ves- 
tibulo-ocular reflex, either by alterations in the brain at the 
site of the tumor or by pressure effects on the intracranial 
structures or on the inner ear. Although some claims have 
been made by observers for a hypovestibular reactivity as a 
result of general increased pressure, there is no mention made 
of a hypervestibular reactivity as shown here by the pro- 
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longed postrotatory nystagmus time in 27 per cent of the 
intracranial tumors. Hughson reported that when the spinal 
fluid pressure was raised in cats by intravenous injections of 
hypotonic solutions there was also an elevation of the 
intralabyrinthine pressure. If it be conceded that there is 
increased intralabyrinthine pressure in patients with intra- 
cranial tumors from Hughson’s observations, with the obvious 
objections to such a conclusion, still there is no evidence that 
such an alteration in the vestibular end-organ would be 
responsible for a prolonged postrotatory nystagmus time. In 
the examination of patients with hydrocephalus, in which 
the interpretation of functional ear examination was not 
complicated by having to consider the local effects of the 
brain tumor, an increase in the vestibulo-ocular reflex was 
never seen. Therefore, it does not seem likely that the 
prolonged postrotatory nystagmus time in the intracranial 
tumor cases is due to any changes in the vestibular end-organ 
that might be the result of increased intracranial pressure. 
When an intracranial tumor involves the acoustic nerve, a 
gross loss of both vestibular and cochlear reactivity on the 
side of the lesion to caloric testing is regularly found, but the 
rotation test may not show a corresponding hyporeactivity of 
the vestibulo-ocular reflex. In two of the cases of acoustic 
neuroma in this report there was actually a prolonged post- 
rotatory nystagmus time, the cause of which is certaintly not 
likely the peripheral vestibular disorder. In tumors of the 
posterior fossa other than those of the cerebellopontine angle, 
a prolonged postrotatory nystagmus time was found in 44 per 
cent. My opinion is in agreement with that reported by 
Fisher on the effect of increased intracranial pressure on the 
vestibular reactions, which is that abnormal vestibular find- 
ings do not indicate generalized increased intracranial pres- 
sure, but since they are not always produced by actual destruc- 
tion, it must be some pressure effect of a local nature. 


Even in the patients with degenerative diseases of the cen- 
tral nervous system, there is no proof that some alteration in 
the peripheral vestibular component is not a causative factor 
in abnormal vestibular reactions. Beck reported three cases 
of multiple sclerosis with variations in the cochlear and ves- 
tibular reactivity on the several examinations made. In one 
of his patients, he found total loss of cochlear and vestibular 
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reactivity to tests in the left ear, and on examination a week 
later the hearing was five metres for spoken voice, and ves- 
tibular reactions were hyperactive on the caloric and rotation 
tests. Beck considers this variation in the cochlear and vestib- 
ular functions as analogous to temporary blindness at times 
found in patients with multiple sclerosis. Barany reported a 
case of multiple sclerosis with autopsy finding that was of 
particular interest because the loss of cochlear and vestibular 
functions on one side had led to the diagnosis of an VIIIth 
nerve tumor and an operation. The finding in these cases of 
cochlear and vestibular impairment warrants the opinion that 
there was a peripheral lesion. The interesting question is: 
Was the cause peripheral or central in Beck’s case, to account 
for the hyperactive vestibular reactions found on the second 
examination? Since Beck and Barany made these few cases 
of multiple sclerosis the subject for special reports, the symp- 
toms the patients had were most probably exceptional. At 
least, in the 52 cases of multiple sclerosis in this report, there 
was no history in any patient of temporary deafness or was 
there a considerable loss of cochlear or vestibular function 
found on examination. Friesner reported normal hearing in 
10 patients with multiple sclerosis. Although one may not be 
able to exclude a lesion of the peripheral vestibular component 
in multiple sclerosis or brain tumors in these patients, the 
following reasons seem to justify attributing the cause of 
the prolonged postrotatory nystagmus time to changes in the 
central nervous system. 


1. The consistently good cochlear function that was pres- 
ent. It is seen in Tables V, VI, VII and VIII that the hearing 
compared favorably with that of the normal group. It was 
my impression on examining patients with multiple sclerosis 
to expect excellent hearing as one of the findings. Some 
impairment of cochlear function is found regularly in periph- 
eral vestibular disorders. 


2. The hyperactive type of nystagmus response that was 
found on the rotation test. A hypoactive nystagmus response 
has been the only type observed by me in lesions that were 
known to be limited to the peripheral vestibular component, 
either in the end-organ or VIIIth nerve. 


3. The spontaneous nystagmus present was of central type. 
That considerable evidence along with that of the primary 
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site of the pathology in multiple sclerosis and brain tumors 
would seem to warrant the opinion that the cause of the pro- 
longed postrotatory nystagmus is in the central nervous sys- 
tem. As to whether this increased vestibular reactivity is 
caused by an irritative lesion in the central vestibular com- 
ponents or is due to a lesion inhibiting normal control of cen- 
tres over the vestibular ocular reflex, I am inclined to the 
latter opinion, which also is that of Unterberger. In support 
of this idea, a prolonged postrotatory nystagmus time has been 
observed rather consistently by me in experimental animals, 
cats and monkeys, following extensive operative lesions in 
the cerebellum and sometimes after cerebral lesions when the 
vestibulo-ocular tracts were not involved. To the clinician, 
the important answer is wanted to the question of the signifi- 
cance, if any, of the increase in the vestibulo-ocular reflex on 
the rotation test. If that symptom be taken alone from the 
examination of a patient it would seem from the findings 
reported in Table IV that it most probably signifies a disorder 
of the central nervous system and, in the order of its fre- 
quency, either multiple sclerosis, brain tumor, arteriosclerosis, 
psychoneurosis or possibly one of a considerable group of 
diseases of a degenerative type. Any estimation except by a 
neurologist that might be made from a survey of the case 
records of the relative importance of this symptom in the 
diagnosis that was arrived at is of questionable value; how- 
ever, it did not appear that the finding of a vestibular 
disturbance was of any great helpfulness in arriving at a 
diagnosis of the intracranial diseases. Particularly was this 
true in patients with brain tumors. Although it has been very 
rare for a patient with an intracranial disease to show signs 
of only a vestibular disorder on the neurological investigation, 
it occasionally did happen. As an example, I want to cite the 
case of a patient not included in this report, who had a total 
loss of vestibular reactivity on one side, along with good 
hearing, as the only finding, indicating an organic brain dis- 
ease. He was discharged from the hospital with the diagnosis 
of psychoneurosis, to return at the end of seven weeks with 
well developed general neurological symptoms of a cerebellar 
tumor. Although the postrotatory nystagmus time was pro- 
longed in 44 per cent of the cases of posterior-fossa tumors, 
excepting those of the cerebellopontine angle, it is doubtful 
that this finding was of any real value in the diagnosis because 
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of other dependable neurological symptoms that were found. 
The patients with arteriosclerosis did not appear as a rule to 
present a difficult diagnostic problem. It should be cited, how- 
ever, that usually patients with arteriosclerosis showed a con- 
siderable fluctuation in the reactions on vestibular tests when 
examined on different occasions. My chief purpose in report- 
ing these observations was to present the finding of a pro- 
longed postrotatory nystagmus time in 77 per cent of the 
cases of multiple sclerosis, and in 19 per cent of the cases of 
psychoneurosis. The great frequency of this finding in mul- 
tiple sclerosis is conspicuous as a nystagmus symptom as it 
may be seen that spontaneous nystagmus, which is recognized 
as a diagnostic symptom of multiple sclerosis, occurred in only 
63 per cent of the cases. It is thought that any symptom 
occurring with the frequency of 77 per cent in multiple sclero- 
sis might be of importance in the diagnosis because this dis- 
ease, as Wechsler states, is not characterized by a definite 
clinical syndrome but is one in which the diagnosis depends 
upon the frequency and consistency of a considerable variety 
of symptoms. And the occurrence of prolonged postrotatory 
nystagmus time in 19 per cent of the cases with the diagnosis 
of psychoneurosis, some having spontaneous nystagmus, raises 
the question of the possibility of these cases being early mul- 
tiple sclerosis or possibly some other organic disease. I am 
told by the neurologists that about 20 per cent of the patients 
with the diagnosis of psychoneurosis later develop symptoms 
characteristic of an organic disease of the central nervous 
system, frequently multiple sclerosis. It, therefore, would not 
be at variance with such clinical observations if the 19 per 
cent of cases with the diagnosis of psychoneurosis that had 
prolonged postrotatory nystagmus time did develop signs that 
lead to a change in the diagnosis to some organic disease. 
Before any opinion could be had on the increase in the vestib- 
ulo-ocular reflex action on the rotation test as a symptom of 
multiple sclerosis occurring earlier than those on which the 
diagnosis is commonly made, examinations would have to be 
made from time to time on that group of patients with the 
diagnosis of psychoneurosis. Dr. Dillenberg, of the Neuro- 
logical Service, has attempted to follow up those patients with 
the diagnosis of psychoneurosis that had a prolonged post- 
rotatory nystagmus time but so far with little reward for his 
efforts. Although he has been able to follow up for examina- 
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tion only two of the patients with the diagnosis of psycho- 
neurosis that had a prolonged postrotatory nystagmus time, 
he is continuing this study. 


SUMMARY. 


1. Thirty seconds was used as the upper limit for normal 
postrotatory nystagmus time. 


2. Prolonged postrotatory nystagmus time occurred in 77 
per cent of the cases of multiple sclerosis, 19 per cent of 
psychoneurosis, 22 per cent of arteriosclerosis, and 27 per 
cent of intracranial tumors. 


3. Spontaneous nystagmus occurred in 63 per cent of the 
cases of multiple sclerosis, 18 per cent of psychoneurosis, 
18 per cent of arteriosclerosis, and 42 per cent of intracranial 
tumors. 


4. The hearing of the patients with multiple sclerosis com- 
pared favorably with the hearing of a normal group. 


5. An attempt to follow up for examination the group of 
patients with the diagnosis of psychoneurosis who had a 


prolonged postrotatory nystagmus time has not been suc- 
cessful. 


CONCLUSIONS. 


Prolonged postrotatory nystagmus time was a common 
symptom in 52 patients with multiple sclerosis, having 
occurred more frequently than spontaneous nystagmus. 
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A SURVEY OF THE USE OF SULFANILAMIDE IN 
ACUTE OTITIS MEDIA.* 


Dr. KARL MUSSER HOUSER, Philadelphia. 


No one familiar with the literature of otitic meningitis 
since 1936, in which year three French physicians' reported 
the first recovery of streptococcic meningitis when prontosil 
was used, can fail to be converted to the use of sulfanilamide 
in such serious conditions. Striking, indeed, is the fact that 
reviews of the literature by Gray,? in 1935, and Anderson," 
in 1937, produce records of no more than 76 recoveries of 
streptococcic meningitis in the previous 35 years. Contrasted 
with this is the ever-growing number of reported recoveries, 
now well over 200, all having occurred since Feb., 1936, in 
the relatively short period of three and one-fourth years. 
One is forced to give sulfanilamide and allied compounds the 
credit for this marked improvement in the mortality rate of 
this previously almost surely fatal condition. 


These clinical facts, along with many reports of well con- 
trolled animal experiments, give incontrovertible evidence 
that in sulfanilamide is a weapon that, although not infallible, 
and not without dangers, deserves consideration in combat- 
ing infections caused by the hemolytic streptococcus. 


If results of this kind can be secured in the grave condition 
of meningitis, it is natural that the mind of the physician 
should turn to the disease that gave rise to the infection of 
the meninges and attempt to cure that disease before such 
infection takes place. Otitis meningitis of necessity calls 
for a previous aural infection, with spread from this focus 
directly or indirectly to the meninges. Two important ques- 
tions then arise: 1. Can acute otitis media be cured, controlled 
or favorably influenced by the use of sulfanilamide? 2. Can 
the drug be used with sufficient safety to justify its use? The 
ideal method of answering these questions would call for the 
comparison of statistics from a large series of treated and 
control cases. A large orphanage or similar institution would 


*Read at the Seventy-second Annual Meeting of the American Otological 
Society, Rye, N. Y., May 23, 1939. 


Editor’s Note: This ms. received in Laryngoscope Office and accepted for 
publication, May 29, 1939. 
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lend itself better to this type of study than a children’s hos- 
pital. In the former, treatment could be used at the onset of 
otitic symptoms, whereas in the latter, cases are admitted in 
all stages of the disease. In the absence of such data, and 
lacking the opportunity to study this disease in the method 
outlined above, I have attempted to secure some information 
by means of a questionnaire. This is by no means an ideal 
method and I am fully conscious of its weakness and limited 
value. 


1. Do you use sulfanilamide in treating acute otitis media? Yes............ 
ee FEE I riccssestepsivnsecnien | |) ne Late............ 
. Is this treatment used before the result of cultures is secured? 


bo 


media? 





. Is this figure sneutiniin’ 





. Have you used control cases?... 





a fS Of 


. Do control cases have more sistaatiieaiiatein than treated cases? 





8. Do you think the use of sulfanilamide has reduced the number of 
cases of surgical mastoiditis? 





9. Can you give accurate figures on the above question? 








10. Do you use sulfanilamide in acute nasopharyngitis and coryza before 
the onset of ear symptoms?...................... 





11. Has this reduced the incidence of acute otitis media?..........--.2.... 


12. Have you had any serious complications resulting from sulfanilamide 
5 en, earn 





13. Do you take special precaution to avoid such complications? 
14. What dosage of sulfanilamide do you use? 

5 ee cee 

RS ERR 
15. Have you used M. & B. 693 (Sulpho-Pyridine) in otitis media? 




















Signed... 
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This questionnaire was submitted to each member of the 
American Otological Society, to five additional otolaryngol- 
ogists in each State in the Union, and to 15 otologists in 
Canada. In addition, the questions were sent to about 150 
outstanding members of the American Academy of Pediatrics. 
The questions asked were of necessity generalizations, because 
one cannot expect to get replies from a busy physician if the 
reply calls for looking up case records and submitting accu- 
rate statistics. 

















a TABLE I. 

_Otologists  eliintvicinns 
| Re ee ee 100 26 States 76 
RR ve a es. A a 6 re a eee ee 2 

| MPN: | eee eee 78 
_ Total physicians... 184 

















Although about 500 questionnaires were sent out, only 184 
containing usable material were returned. Fifty per cent of 
the pediatricians made replies, whereas only 25 per cent of 
the otolaryngologists were heard from. Geographically, the 
pediatricians represented 26 States and Canada, the otolaryn- 
gologists, 37 States and Canada (see Table I). 


TABLE II. 


Pediatri- 
cians Otologists Total % 











Physicians who use sulfanilamide 








in acute otitis media-.................... 72 93 165 89.6 
Physicians who do not use sulfa- 

nilamide in otitis media-............... 6 13 19 10.4 
Using the drug early........................ 49 63 112 61.0 
Using the drug in all cases............ 12 24 36 21.0 
Using the drug late...................... 7 11 18 18.0 


Further analysis of the replies shows that of the 184 phy- 
sicians who submitted data, 165, or 89.6 per cent, use sulfanil- 
amide in the treatment of acute otitis media. Of these, 60 per 
cent believe that early use of the drug secured the best results. 
In addition, 58.5 per cent believe that early administration is 
of sufficient importance to call for administration prior to the 
identification of the infecting organism. In other words, 
before spontaneous perforation of the tympanic membrane 
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has occurred or myringotomy has been performed (see Tables 
Il and III). 


_TABLE Ill. 


" Pediatri- 
cians Otologists Total = v 


Using the drug before cultures 

















are secured 7 61 108 58.5 
Using the drug only after cultures 
are secured.  Scndasstinusses bercalidienoeababiecenss 19° . 24 Ant 43 41.5 


The number of cases treated by this group of physicians, 
both pediatricians and otolaryngologists, totals 9,667. The 
mortality rate for the series was 0.041 per cent, or one fatal- 
ity for each 2,417 cases treated (see Table IV). 








2 ee TABLE IV. f 
EST a s Lent _. diatricians _ Otologists Total 
Number of cases treated... ELSE ee 3,845 5,822 9,667 
Number using control cases... a 22 24 46 
Complications reduced in treated s series 18 17 35 
Complications not reduced in treated 


series Gdiaicpdbicasieonecttene buadeetaneaa sham telesanaeien 4 7 ? 11 


It was the opinion of 76 per cent of the physicians using 
the drug that the incidence of mastoiditis was definitely 
reduced by its administration; 8 per cent believed that the 
drug had no influence upon the development of the above 
complication, while 16 per cent were undecided (see Tables 
IV and V). 


_TABLE Vv. 





Pediatricians ~ Otologists 











Believe sulfanilamide reduces the incidence of 





URI ee ret SEE = Nok eee EES pen 73.0% 79.5% 
Believe sulfanilamide does not reduce the inci- 

dence of mastoiditis a 7.6% 8.5% 
Doubtful as to value of sulfanilamide etme i 19.2% 11.8% 





The statistics secured regarding control series were meagre 
and inadequate. Only 46 physicians had any experience with 
control cases, and no series was large enough to permit the 
drawing of reliable conclusions. Of these men, 76 per cent 
believed that control cases developed more complications than 
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the treated cases, while 24 per cent did not believe complica- 
tions were reduced. 


Only 27 per cent of the 184 physicians used this drug in the 
treatment of acute nasopharyngitis before the onset of ear 
symptoms. Of these, half were of the opinion that the inci- 
dence of otitis was reduced, 40 per cent were doubtful, and 
10 per cent felt that no favorable influence could be noted. 

















ws ces ae TABLE VI. 
Peas’ oe ees Pediatricians Otologists _‘Total 
Serious complications reported.................. 9 15 24 
PT Ee RE Te ee 1 3 4 
Complications reported 
Nonfatal Cases 


Severe glossitis om 
Acidosis and recurrence of infection 
Encephalitic symptoms, temporary blindness 
Acute hemolytic anemia 

Nature of complications not stated 

Severe jaundice ky 
Leukopenia severe 
Nephritis 
Hepatitis 
Hemolytic jaundice........ 
Acute anemia .. 






































Fatal 
Hemolytic anemia 
Severe jaundice 
Agranulocytosis .. 











co ei bo 3 | wees ee ee 
| 








Mortality rate 1 in 2,417 cases, or 0.041 per cent. 


The fatal complications reported were but four in number. 
It was not definitely stated whether these were cases of 
uncomplicated otitis media receiving the relatively small doses 
usually advised for this condition. One of these fatalities was 
accompanied by severe jaundice, the other three being blood 
diseases, ie., hemolytic anemia, two cases, and one of gran- 
ulocytopenia. Twenty other nonfatal complications were 
reported (see Table VI). 


Corr and Root,’ in a recent article, point out that to date the 
smallest dose of sulfanilamide given preceding the onset of 
granulocytopenia was 25 gm. (375 gr.), and even in this case 
there was a probability that the patient had taken more. In 
all other reported fatalities, 35 gm. (475 gr.) or more had 
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been given over at least a 14-day period. From this they con- 
clude that a total distributed dose of 20 gm. (300 gr.) is 
probably safe. 


Although there was great variation in the dosage advised, 
the average administration was 0.75 to 1 gr. per pound of 
body weight for the first 24 hours. Afterward the dose was 
decreased if conditions permitted. There is a growing belief 
that blood concentration estimations are not as important as 
once supposed. In many individuals it is difficult to secure a 
10 mg. per 100 cc. concentration without huge dosage, and 
good results are frequently secured in cases where the con- 
centration was much lower. All, however, agree that frequent 
blood counts should be made to detect changes of the white 
or red blood systems. 


An estimation of the incidence of acute surgical mastoiditis 
in our large city hospitals probably throws little if any light 
upon the value of sulfanilamide therapy. We know that if 
necrosis of the mastoid bone has occurred, sulfanilamide in 
any quantity will not cure this abscess. According to Lock- 
wood,‘ the efficiency of sulfanilamide depends upon the ability 
of the blood stream to distribute blood to the infected parts. 
When central necrosis exists, circulation fails and only the 
peripheral portion of the lesion is reached by the drug. It is 
this fact which probably accounts for some of the atypical 
mastoid pictures that have been appearing since the begin- 
ning of the use of sulfanilamide. Most otologists have seen 
cases that were apparently cured except for persistent aural 
discharge, which upon operation proved to have well devel- 
oped latent abscesses of considerable extent. The fact must 
be recognized that sulfanilamide therapy will not cure the 
mastoid infection that has undergone necrotic changes. Such 
conditions still demand surgery. 


In the University of Pennsylvania Hospital in Philadelphia, 
the incidence of acute surgical mastoiditis has not changed 
appreciably in the last three years. The number of cases com- 
ing to operation during the past 11 years ranges from a high 
of 60, in 1931, to a low of 22, in 1936. In 1937 and 1938, 
there were 42 and 24 cases, respectively (see Table VII). 
Only six cases have been operated on prior to May 8, 1939. 
From these figures one concludes that preoperative adminis- 
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tration has not appreciably changed the curve of the inci- 
dence of acute surgical mastoiditis in this hospital. This, 
however, cannot be considered as a brief against sulfanila- 
mide in the treatment of acute otitis. In our clinic, the cases 
are usually admitted with the disease well advanced and with 








TABLE VIL. 
Cases 
60 
50 
0 
50 
ito 
4) 70 
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mastoid infection of considerable degree already established. 
Many have received no treatment whatever before coming to 
the hospital. Experience at the University Clinic in the treat- 
ment of these cases seems to support the idea of Lockwood 
that, although improvement may take place in the areas 
where adequate circulation is maintained, pre-existing necro- 
sis cannot be improved. 
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The results of this survey do not permit the drawing of any 
sweeping conclusions regarding the value of sulfanilamide 
therapy in otitis media. Conclusive information still will 
depend on the results obtained from the comparison of a large 
series of control and treated cases; however, the following 
figures are interesting: 


1. Almost 90 per cent of the physicians co-operating in the 
survey are using sulfanilamide in the treatment of acute otitis 
media. It is possible that most of the enthusiasts replied to 
the questionnaire, while those not using the drug or those 
having poor results failed to respond. In this event, the per- 
centage of favorable replies would drop greatly had a full 
response been obtained. 


2. Sixty per cent of the pediatricians and otologists who 
have had experience with sulfanilamide believe that its use 
reduces the incidence of acute surgical mastoiditis. 


3. The majority believe that if used it should be used early, 
before mastoiditis has had a chance to develop. ; 58.5 per cent 
use the drug before the results of cultures are secured. 


4. In a series of 9,667 cases, a mortality rate of 0.041 per 
cent, or one death in 2,417, cases was reported. 


5. In cases where the pneumococcus is either found or sus- 
pected, sulfapyradine is probably the drug of choice. 


6. There is growing clinical evidence to support the idea 
that the blood concentration is not as important as previously 
supposed. 


7. This survey shows that the use of sulfanilamide in acute 
otitis media is widespread, that its use is relatively safe, and 
that those using the drug are as a rule enthusiastic over the 
results obtained; this enthusiasm, however, lacks the support- 
ing proof of control cases. 
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SKULL FRACTURES INVOLVING THE EAR. 
A CLINICAL STUDY OF 211 CASES.* 
Dr. W. E. GROVE, Milwaukee. 


(Continued from August issue.) 


OTOSCOPIC EXAMINATION. 


The otoscopic examination should be made as soon after 
the injury as possible, particularly to detect hematotympanum 
or liquor tympanum, the evidence of which may be gone 
if the examination is deferred for several weeks. The signs 
seen by the otologist in his early examination may become 
very important in making the diagnosis and in evaluating 
the future course of the condition. Examination will reveal 
any signs of fracture of the walls of the external canai, 
some of which will surely disappear after the lapse of time. 
The evidences of a fracture of the external auditory canal 
are blood clots and bloody crusts on its walls, ecchymoses, 
subcutaneous hematomata, ridges or hollowing of the wall. 
These signs are more commonly encountered on the posterior 
or superior canal walls. If bloody crusts cover the skin sur- 
face, one may have to wait several days before the under- 
lying condition can be visualized. An actual break of the 
skin is quite rare. In my series of 150 consecutive cases of 
head injuries seen at the Emergency Unit of the Milwaukee 
County Hospital, fractures of the external canal were encoun- 
tered six times. Fracture of the external canal walls is never 
caused by transverse petrous fractures, nor any variety 
thereof. Longitudinal fractures are usually accompanied by a 
rupture of the membrana tympani and the escape of blood or 
spinal fluid from the ear. At this early examination the pres- 
ence or absence of the spontaneous signs of vestibular disturb- 
ance, particularly spontaneous nystagmus, can be ascertained. 
Mygind,' Davis,** the author,? and others have stressed this 
early examination of head injury cases. 


*Read at the Seventy-second Annual Meeting of the American Otological 
Society, Rye, N. Y., May 23, 1939. 


Editor’s Note: This ms. received in Laryngoscope Office and accepted for 
publication, May 29, 1939. 
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HEMORRHAGE FROM THE EAR. 


Hemorrhage from the ear after a head trauma is almost 
indubitable evidence of a basal skull fracture and of the 
longitudinal variety. Either one ear or both may bleed. 
Gurdjian* found this complication in 476 instances in a series 
of 2,600 cases of skull fracture seen at the Detroit Receiving 
Hospital in a five-year period but did not believe that this 
symptom always implied a fracture through the petrous bone. 
Besley” reports bleeding from the ear in 31.5 per cent of his 
cases, Voss* in 32 per cent, Wortis and Kennedy“ in 34.2 per 
cent, Borden** in 75 per cent, Moody* in 24 per cent, and 
Ransahoff® in 31 per cent. 


Gurdjian*® and Yerger*™ believe that a rupture of the drum 
after head trauma is not necessarily an evidence of a basal 
skull fracture, but the majority of authors (Ramadier and 
Caussé,"* Davis,*® Besley,*° Voss,’ Phelps,** W. Lange*: and 
Mellenger*) believe that bleeding from the ear after an injury 
to the head is a sure sign of temporal bone fracture. In the 
course of his operative work on these cases, Voss,’* in agree- 
ment with other authors (Barnick, Linck, Lange, Ulrich, 
Brunner and Marx), could only find a torn drum when the 
margotympanicus had been reached by the fissure. When 
bleeding from an ear occurs, it is usually an evidence of the 
longitudinal variety of petrous fracture, except in those cases 
where the glenoid cavity has been shattered by a blow on the 
chin. In these cases we may get bleeding from an isolated 
fracture of the external auditory canal, with or without a 
ruptured drum. Mellenger* makes the following statement: 
“As a rule, transverse fractures of the pyramid do not involve 
the membrana tympani, therefore hemorrhage from the ear 
in head injuries usually means a longitudinal fracture of the 
pyramid and is almost pathognomonic of middle fossa frac- 
tures.” Of course, this rule does not hold when the transverse 
fracture is combined with a longitudinal fracture, and even 
in the pure, uncomplicated labyrinthine fractures there have 
been a few exceptions to the rule. (Cases reported by Voss,’ 
Biechele** and Schittler**.) 


The sources of the hemorrhage in these cases are fractures 
of the external canal, the tympanic plexus of veins, the sig- 
moid sinus, the superior petrosal sinus, the jugular bulb, the 
middle meningeal artery and, in a few rare cases, also the 
internal carotid artery. When the internal carotid artery has 
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been injured, the hemorrhage is cataclysmic in character and 
occurs at the same time from nose, mouth and ear. In these 
cases, death usually ensues very quickly. 


In my series of 211 cases of skull fracture, 112 gave a his- 
tory of having bled from one ear, and 34 from both ears. The 
unilateral hemorrhage was from the right ear in 65 cases, 
and from the left in 46 cases. Voss* states that he has never 
seen a case which bled from both ears, and Davis*’ reports 
that his mortality in those cases which bled from both ears 
was 66 per cent. 


The initial bleeding which occurs after a skull fracture is 
well known, but the fact that hemorrhage from the ear can 
occur at a considerable time after the injury has, to my 
knowledge, been commented on only once in the literature. 
Forréstier®* reported the case of a child who began to have a 
series of hemorrhages from the external canal three weeks 
after the accident, and this is somewhat analogous to a case 
reported by Vincenzo Palumbo of an isolated fracture of the 
external canal, from which an escape of cerebrospinal fluid 
occurred three weeks after the injury and recurred intermit- 
tently for two years, at which time a meningitis developed. 
Hemorrhage into the labyrinth 17 days after a blow to the 
right parietal region was reported by Urbantschitsch® and 
this was evidenced by the sudden onset of tinnitus, deafness, 
nausea, vomiling and severe vertigo. The condition is also 
analogous to a cerebrospinal rhinorrhea which occurred three 
months after a fracture through the frontal sinuses reported 
by Cairns.** These late ear hemorrhages after skull fracture 
are also analogous to late hemorrhages into the brain, the 
occurrence of which after similar injuries has been recognized 
for many years. 


At the January meeting of the Middle Section of the Amer- 
ican Laryngological, Rhinological and Otological Society, I* 
reported seven cases in which late hemorrhage from the ear 
caused by head trauma occurred. In four of these cases the 
skull fracture was followed by immediate ear bleeding, which 
recurred a number of times after its initial cessation. In the 
other three cases, however, the first ear hemorrhage was 
reported one week after the injury in one case (Miss A. K.), 
and a month after the injury in the other two cases (R. N. and 
J. Q.) In four of these cases the skull fracture was confirmed 
by X-ray. We can only conjecture what the explanation of 
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these late hemorrhages from the ear may be. Nager** has 
never seen bleeding from the ear as late as my observations 
indicate, but supposes that it might be caused by a longitudi- 
nal fracture injuring the middle meningeal artery or one of its 
branches, and that it could not heal because of displacement 
of the fracture edges. The only cases of frequently repeated 
ear hemorrhages after head trauma which Voss** has seen 
have been due to injuries to the lateral sinus by a longitudinal 
fracture, and Brunner® suggests that they are analogous to 
the late hemorrhages into the brain and that they may pos- 
sibly arise from traumatic aneurysms of small branches of 
the middle meningeal artery in the external canal, or from 
like aneurysms of small branches of the middle meningeal 
artery within the dura. The true explanation of these cases 
will, however, probably have to remain in the field of specula- 
tion until we have the opportunity to make a thorough histo- 
logical study of the temporal bone and its adnexa in one of 
these cases. 


The recurrence of the bleeding from time to time is not 
unlike the intermittent discharge of blood or cerebrospinal 
fluid from the nose, which is occasionally seen in cases of 
anterior fossa fracture. 


HEMATOTYMPANUM. 


There were seven cases in my series in which hematotym- 
panum was observed. In hematotympanum the middle ear is 
filled with blood but the drum is not ruptured, and blood does 
not escape from the external canal. The drum itself exhibits 
more or less bulging and has a bluish or a bluish-red discol- 
oration. This can only be seen on early inspection and is 
another reason why the otologist should see these cases early. 
Voss' found the condition eight times in his series of 104 
cases. It probably occurs much more frequently than the 
eight cases of Voss and my own seven cases would indicate, 
because ordinarily the otologist does not see these cases early 
and the surgeon does not make a competent otoscopic exam- 
ination. 


Whereas, bleeding from the external canal is always the 
result of a longitudinal petrous fracture, and in a few rare 
cases of isolated fracture of the walls of the external canal, 
and is practically never the result of a labyrinthine fracture, 
hematotympanum can occur in either variety of fracture. In 
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the longitudinal variety it is found when the fracture has 
opened into the tympanic cavity but has not reached the 
margotympanicus or ruptured the drum. In the labyrinthine 
fracture it is seen when the fracture has involved the lateral 
wall of the internal ear. From the standpoint of diagnosis, 
therefore, the discovery of a hematotympanum does not indi- 
cate the type of petrous fracture present. 


DISCHARGE OF CEREBROSPINAL FLUID AND LIQUOR TYMPANUM. 


The escape of cerebrospinal fluid from the ear constitutes a 
definite sign of temporal bone fracture and indicates that the 
subarachnoid space has been opened by the fracture. It is 
not seen as frequently as bleeding from the ear. Besley’® 
found it present in 2 per cent of 1,000 skull fractures. Gurd- 
jian** found it only 11 times in 2,600 cases, while Voss* 
reported six instances among 66 cases of temporal bone frac- 
ture. Yerger™ found it in 20 per cent of skull fractures. In 
my own series of 211 cases of skull fractures, the escape of 
cerebrospinal fluid was encountered eight times. (Cases 54, 
71, 93, 149, 173, 175, 195, 210.) The discharge consists at 
first of blood mixed with spinal fluid, and the diagnosis of 
cerebrospinal fluid leakage could not be made with certainty 
until the second or third day, at a time when the bleeding 
tended to diminish. The discharge of cerebrospinal fluid usu- 
ally ceases in a few days, but may continue for weeks, months 
and even years, and in one of my own cases continued for six 
weeks. 


Like bleeding from the ear, the discharge of cerebrospinal 
fluid sometimes appears as late as 15 days after the fracture 
(Phelps,** Borden**). In one of my cases it did not appear 
until a week after the injury, and this was the case which 
continued to discharge fluid for six weeks (Case 54). Anal- 
ogous conditions are observed in the post-traumatic cerebro- 
spinal rhinorrheas and are explained by Duret" as due to the 
presence of inflammatory exudates which obliterate the osteo- 
meningeal fissure until they are absorbed. 


Voss” opinion that all of the cases in which there is an 
escape of cerebrospinal fluid are due to labyrinthine fracture 
certainly cannot be corrobrated by my experience. Because of 
the fact that the cochlear and vestibular function was present 
in all of my cases, I would certainly classify them as longi- 
tudinal fractures. In none of them could I make the diagnosis 
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of inner ear fracture. Voss believes that these cases are all 
either transverse or combined transverse and longitudinal 
fractures. My series indicates that they are mostly longi- 
tudinal fractures, and that the escape of cerebrospinal fluid 
bears almost the same relation to the diagnosis of longitudinal 
fracture of the temporal bone as does bleeding from the ear. 


Voss* has coined the term “liquor tympanum” for those 
cases in which cerebrospinal fluid is found in the tympanic 
cavity but the drum remains unruptured. In this condition, 
the drum may show some bulging but does not have the bluish 
appearance seen in hematotympanum. In one such case he 
observed a fluid level line, which remained horizontal in every 
position of the head. He states that Manasse and Koch have 
reported similar cases, and that Ruttin opened the mastoid in 
such a case and found the tympanic cavity and all the mastoid 
cells filled with liquor. 


It is the opinion of Davis* that when bleeding from the ear 
is accompanied by the discharge of cerebrospinal fluid, the 
injury is more serious and all such cases have been fatal in 
his experience. Voss* and Schiick™ agree that the prognosis 
is more serious, and Linck regards it as an absolute indication 
for operation. On the other hand, Manasse, Brunner, Koch, 
B. Burger and Demmer (cited by Voss*) hold that the escape 
of cerebrospinal fluid does not aggravate the prognosis and is 
no indication for operation. In the light of my own experi- 
ence, I must join this latter group. I have seen no fatalities 
in cases exhibiting a discharge of spinal fluid and none of 
these cases were operated upon. I have personally seen no 
case of liquor tympanum but the condition must exist and is 
quite analogous to hematotympanum. 


LUMBAR PUNCTURE. 





A lumbar puncture should be done on every case of serious 
head injury to determine whether the fluid is bloody or not. 
No harm can accrue from the removal of a small amount of 
spinal fluid and repeated punctures may prove very beneficial 
in relieving the increased intracranial tension. In the series 
of 1,000 cases reported by Wortis and Kennedy,** 846 had 
spinal punctures done and of these, 791 revealed a bloody 
spinal fluid. In a series of 224 acute head injuries, Temple 
Fay® had 104 cases with bloody spinal fluid, or 46.4 per cent, 
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and Gotten reported that 65 per cent of his cases gave the 
same finding. Voss* believes that the findings of blood or a 
xanthochromic fluid points to a skull fracture, while Ramadier 
and Caussé™ do not agree that it clinches the diagnosis and 
feel that it can be caused by brain injury without fracture. 
In this connection they quote Balthazard as having repeatedly 
shown in medicolegal autopsies the presence of hemorrhages 
in the meninges which were clearly traumatic without finding 
the least sign of cranial fracture. 


Conversely, a skull fracture can occur without any bloody 
spinal fluid, as Stewart was able to show in 10 per cent of 
the cases, and he believes that this figure would be consider- 
ably higher if one adds the cases of minimal fracture of the 
labyrinthine capsule. At any rate, the finding of bloody spinal 
fluid may be an indication that the skull has been fractured 
and surely aggravates the prognosis, for of 791 cases with 


bloody spinal fluid in the series of Wortis and Kennedy, 499 
died. 


ECCHYMOSES OVER THE MASTOID. 


Ecchymosis developing slowly and progressively over the 
mastoid process is one of tne classical signs of fracture of 
the base, and as a rule these ecchymoses in fractures of the 
temporal bone appear from the fourth to the fifth days follow- 
ing injury. They may also be observed in the external audi- 
tory canal. They have no connection with the hematoma fre- 
quently observed immediately after the injury at the point of 
impact and are seldom associated with bleeding from the ear 
but are, nevertheless, the result of a longitudinal fracture of 
the temporal bone. If the discoloration is very marked, one 
would be forced to suspect an injury to the lateral sinus. Not 
infrequently a suggilation about the eye is seen in connection 
with middle fossa fractures, and when this is present it points 
to an extension of the fracture into the anterior fossa. Voss* 
reports 10 such cases. In this connection, however, it must 
be borne in mind that suggilation and ecchymosis about the 
eye is a much more frequent finding in anterior fossa than 
in middle fossa fractures. 


FACIAL PARALYSIS. 


A facial paralysis occurred in 29 cases of my whole series, 
an incidence of 14 per cent. It was present in five cases in 
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which a diagnosis of some sort of a labyrinthine fracture had 
been made, therefore, in 31.25 per cent of these cases. It was 
present in 21 cases of longitudinal fracture, an incidence of 
about 18.7 per cent. The paralysis was complete and perma- 
nent in one transverse and in five longitudinal cases. In the 
remainder it either improved or cleared up completely. It 
appeared soon after the trauma in 16 cases; in one case 
(Case 9), four days after; in one case (Case 175), one week 
after; and in two cases (Cases 60 and 116), two weeks after 
the injury. In nine of the cases, the time when it first 
appeared could not be ascertained. A diagnosis of a petrous 
fracture was made in all but two of the cases developing 
facial paralysis, and in the latter such a type of fracture could 
not be excluded. 


According to various authors, the incidence of facial paral- 
ysis varies greatly, but this discrepancy may, in some meas- 
ure, be due to the accuracy of observation in various series. 
All authors agree that it is much more common in transverse 
than in longitudinal fractures, and my own observations 
would corroborate this viewpoint. According to statistics of 
Siebenmann, Brunner, Voss and Ulrich, transverse fractures 
cause a facial paralysis in about 50 per cent of the cases, and 
the longitudinal variety in from 10 to 18 per cent. In their 
series of 255 cases, Glaser and Schafer® found only 17 cases 
of facial paralysis, but many cases of their series of head 
injuries did not present skull fractures. Besley’® found an 
involvement of the facial nerve recorded only 13 times in 
his 1,000 cases. Borden** found 24 cases of facial paralysis 
among 408 cases of skull fracture. On the other hand, Davis* 
reports a peripheral facial paralysis in 46 per cent of middle 
fossa fractures, and in the carefully studied series of Voss,‘ 
the incidence of facial nerve involvement was 18 per cent in 
longitudinal and 50 per cent in labyrinthine fractures, while 
Passow’® reports facial paralysis in practically all fractures 
of the petrous pyramid. As my own records indicate, facial 
paralysis may appear either immediately or as late as 15 days 
after the injury. 


Immediate paralysis is usually due to an actual lesion of 
the nerve by the line of fracture, either in the Fallopian canal 
or at the internal auditory meatus. It is usually complete. 
Such a lesion may be caused by a traction tearing, or actual 
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section of the nerve. In a few of these cases, the function of 
the nerve does not return. In the majority, the function either 
improves or returns completely after a variable period of 
time. This is due to the fact that the nerve is either simply 
stretched or that there takes place, according to Linck (cited 
by Ramadier and Caussé"*), a regeneration of the nerve trunk, 
sectioned at the internal auditory meatus, or because the 
paralysis is due to an interfascicular hemorrhage, as many 
otologists contend. 


Late facial paralysis appears during the first two weeks 
subsequent to the accident. It may be complete or incomplete, 
but, in contradistinction to the immediate form, cure is the 
rule, although it may require several months. Desmaulins 
{cited by Ramadier and Caussé"*) and Ulrich” attribute this 
variety to a secondary neuritis of the nerve, either due to 
hemorrhage into the canal or accompanying the processes of 
repair. Cases of bilateral paralysis of the facial nerve in 
petrous bone fractures have been observed by Lannois and 
Jacod (cited by Ramadier and Caussé™), Mauthner® and 
Gurdjian.**® Several of Mauthner’s cases were cured. 


RADIOGRAPHY. 


Radiography can be a very valuable adjunct in the 
diagnosis of basal skull fracture, but the positive results of 
X-ray examinations depend very greatly upon the technique 
employed, the time at which the X-ray is taken, and the per- 
sonal element. The Roentgenologists of most hospitals when 
called upon to ray a head for suspected skull fracture are 
content to take anteroposterior or lateral views, either in flat 
plates or stereoscopically, and while this technique is quite 
satisfactory for the delineation of vault fractures, it is wholly 
inadequate for basal skull fractures. Even when a satisfac- 
tory technique for fractures of the base is employed, the 
marked irregularities of the base, the varying degree of thick- 
ness and the multiplicity of foramina preclude a clear view 
of a fracture, particularly when it involves the middle cranial 
fossa. 


According to the majority of the authors, the exposures 
should be taken in the positions described by Stenvers, Mayer, 
Schiiller and Lange-Sonnenkalb. Using these views, Blohmke* 
believes that an absolute objective proof of basal skull frac- 
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ture can always be had. Gurdjian* reported 93 per cent pos- 
itive X-ray findings in 379 cases of unilateral aural hemor- 
rhage, and 95 per cent in cases of bilateral bleeding from the 
ear. The majority of authors, however, including Ramadier 
and Caussé", Voss,’ Biechele,”* Janke, Brunner” and Ulrich,” 
agree that the demonstration of a longitudinal fracture by 
X-ray is very difficult, and Lannois and Gaillard (cited by 
Voss), after reviewing the literature, X-raying skulls as well 
as living cases with fracture, conclude that only the most 
favorably placed basal fractures can be demonstrated by 
X-ray, whereas finer fissures and longitudinal fractures of 
the temporal bone cannot be demonstrated by X-ray. 


The time element in the radiographic examination of the 
fractured skull is important. Fresh fractures show more eas- 
ily than old ones, and if a middle fossa longitudinal fracture 
is suspected, the X-ray examination should be made early; 
i.€., as soon as the condition of the patient warrants. Even 
then, and using all possible positions, a great many longi- 
tudinal fractures will be missed. 


The story is quite different with the transverse fractures 
of the petrous pyramid. Here, because of the peculiarities in 
the bone regeneration of the capsule of the labyrinth, previ- 
ously noted, fractures can be delineated by X-ray for a long 
time after injury. In these late X-rays, the fracture will not 
be as sharply defined as in early pictures because the perios- 
teal and endosteal layers of bone near the periphery of the 
pyramid do show some tendency to close by bony union; but, 
nevertheless, they will be discernible. And for the determina- 
tion of transverse fractures, the position of Stenvers is ideal. 
Lindemann” and Ulrich® in particular were able to demon- 
strate that these fractures appear on the X-ray plate for 
years after the injury. Ulrich called attention to certain dif- 
ferences between early and late X-rays. In the late X-rays, 
1. the fracture line was no longer visible on the sharp edge 
of the pyramid but only became apparent in the interior of 
the bone. 2. The edges of the fracture line were no longer 
as sharp as originally. 3. The fracture line was more dis- 
tinctly visible in the interior of the petrous bone than at its 
periphery. He was still able to show the fracture line by 
X-ray two to 12 years after the fracture occurred. 
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In my series of 211 cases, X-ray was positive for skull frac- 
ture in 72 cases. In the remaining cases, radiological exam- 
ination had either not been made or the findings were not 
obtainable, and in these the diagnosis was made from other 
clinical findings. In the majority of the 72 cases, the reports 
indicated vault fractures or vault fractures running into the 
base. In four cases a definite petrous bone fracture was delin- 
eated. In none of the cases of longitudinal fracture was the 
X-ray reported positive. 


Under the heading of “Pathological Anatomy,” I have 
already reported three cases of transverse fracture of the 
pyramid which I was able to demonstrate by X-ray three 
months, eight and one-half months and 11 months after the 
injury. In this connection, I would like to report a case in 
which the X-rays were positive eight years after the accident. 


Case Report 157: Margaret M., age 13 years, who lived 
in a neighboring city, was injured in June, 1930, when she 
was knocked off of a bicycle to the pavement by a passing 
automobile. She presented herself for examination at my 
office on Oct. 8, 1930. The following history was obtained 
from her mother and her family physician. She was rendered 
unconscious for about four hours. The accident occurred at 
6:00 P.M., and her physician was able to communicate with 
her the following morning and at that time she was able to 
hear him. By evening that same day she heard with great 
difficulty, and during the course of the following month she 
lost her hearing completely. X-rays taken at the hospital did 
not reveal any skull fractures. There was no bleeding from 
the mouth, nose or ears, but she vomited blood for 24 hours 
and at intervals thereafter. The girl had vertigo on the morn- 
ing following the accident but her doctor did not consider 
this as violent in character. This was present even in the 
recumbent position but was aggravated by sitting up. 


Past History: Scarlet fever one year preceding but with 
no sequellae relating to ears or hearing. No past history of 
otitis media or mastoid infection. 


Present Complaint: Total deafness, vertigo in attacks when 
making sudden movements, tinnitus and occasional headaches. 


Examination: No facial paralysis. Pupils equal and react 
promptly to light. Fundi negative. No ocular evidence of 
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increased intracranial tension. Vision normal. No evidence of 
fracture in either external canal. Both drums relatively neg- 
ative. No scars; no perforations. Using a Barany noise appa- 
ratus in the left ear, a loud shout can be appreciated by the 
right ear but not interpreted. No hearing present in left ear. 
There was a spontaneous rotary horizontal nystagmus to each 
side in the end-position of the eyes. There was a spontaneous 
pastpointing to the right with the left arm. In forward and 
backward gait with eyes closed, she deviated first to one side 
and then to the other. The Romberg was negative. Turning 
tests: 10 turns to the right in 20 seconds produced no nystag- 
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Fig. 8. Audiogram of Margaret M., Case 157. 


mus; 10 turns to the left produced no nystagmus; 10 turns to 
the right in 10 seconds produced no pastpointing with the 
right arm, but a slight pastpointing to the right with the 
left arm. This corresponded to the spontaneous pastpointing 
above noted. Ten turns to the left produced no pastpointing 
with either arm; five slow turns to the right produced no 
falling reaction; nor did five turns to the left. Caloric irrita- 
bility was not tested at this time. 


Comment: From the results of this examination I believed 
that we were dealing with a bilateral transverse pyramid 
fracture. 
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On Oct. 22, 1938, I re-examined this patient, now 21 years 
of age. She could not hear speech but said she could hear 
music. She had learned to read lips and had completed a 
course as a beauty operator. The hearing for the voice was 
as before: no hearing with the left ear but a loud shout could 
be heard with the right. An examination of the right ear 
with the audiometer showed a subtotal loss of hearing. The 
left vestibular apparatus could not be stimulated by any 
amount of ice water. The right did not react until 90 cc. of 
ice water had been used, and then only gave a minimal 





Fig. 9. X-ray (Stenver’s position) showing transverse fracture of pyra- 
mid eight and one-half years after its occurrence. 


response. X-rays in Stenver’s position revealed an irregular 
fracture line across the left petrous bone near its base. but 
no fracture could be demonstrated on the right side. 


Comment: This proves to be a case of transverse fracture 
of the left petrous pyramid with a total left cochleovestibular 
paralysis and an almost total loss of cochleovestibular func- 
tion on the right side, probably due to massive hemorrhage 











846 GROVE: SKULL FRACTURES INVOLVING EAR, 


into the right labyrinth, although injury to the nerves at the 
internal auditory meatus cannot be excluded. The case also 
illustrates the fact that the petrous fracture can be delineated 
by X-ray eight and one-half years after it occurred. 


DISTURBANCES IN COCHLEAR FUNCTION. 


The functional examination for hearing is not reliable in 
the early days after the injury because of the disturbed con- 
dition of the sensorium. Most of these patients have suffered 
brain injury as well as fractures of the calvarium and one 
must delay the functional examination until the sensorium 
has sufficiently cleared; even then the results in individual 
cases are hard to evaluate. The examination of the hearing 
function is entirely subjective in character. We often have 
no knowledge of the hearing function of the individual before 
he was injured, and this is particularly true of older indi- 
viduals. These cases are practically always medicolegal and 
one must be continually on guard for malingering. Reliable 
deductions can only be made after studying the findings of a 
large number of cases. 


From the standpoint of the hearing function, my cases were 
separated into the following groups: 1. Fractures involving 
various regions of the vault, face, sinuses and base, but appar- 
ently not involving the middle fossa or the temporal bone, 
49 cases. 2. Unilateral longitudinal fractures with bleeding 
from one ear, 112 cases. 3. Bilateral longitudinal fractures 
with bleeding from both ears, 34 cases. 4. Fractures of the 
petrous pyramid or labyrinthine fractures, pure or combined 
with longitudinal fractures, 16 cases. Each group was fur- 
ther subdivided into three groups according to age: a. 20 years 
and under; b. from 21 to 50 years, inclusive; and c. over 
50 years of age. 


The hearing function was studied by means of the voice, 
whisper, tuning forks and audiometer. Repeated examina- 
tions were made in most cases. 


Inasmuch as it is impossible to give the results of individual 
hearing tests in so large a number of cases, the state of the 
hearing function was divided according to the audiometric 
findings into the following classes: 1. normal; 2. slight, if 
the hearing loss was less than 20 dcb.; 3. moderate, when 
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the loss was between 20 and 40 deb.; 4. marked, when between 
40 and 80 deb.; and 5. subtotal, when the hearing was further 
depreciated, but still present. I realize that this division is 
arbitrary but some such arrangement is necessary to study 
the relative effect of a particular lesion on the function of 
hearing in a large group of cases. A further attempt was 
made to diagnose the hearing loss as conductive, perceptive 
or combined in order to determine whether the seat of the 
lesion was in the middle ear or internal ear, but in the com- 
bined type of deafness this deduction must necessarily be 
inaccurate, for without pathological study of the individual 
case we cannot with absolute certainty say whether the loss 
for high tones is the result of a pure inner ear lesion or 
whether it may to some extent be the result of a middle ear 
lesion; this applies more particularly to the group of longi- 
tudinal fractures where definite damage to the middle ear 
function may be expected. 


COCHLEAR FUNCTION IN SKULL FRACTURE OTHER THAN 
PETROUS BONE FRACTURES. 


In this group there were 49 cases. The fracture was con- 
fined to the vault in 34, the vault and sinuses in one, the 
vault and base in seven, the anterior fossa in two, the base 
in two, the base and face in two, and the frontal sinus in one 
case. As far as I could determine, the petrous bone was 
spared in all. 


In the age group of 20 and under, there were four cases and 
all the ears had normal hearing. In the next age group, from 
21 to 50 years, inclusive, there were 37 cases. There was 
normal hearing or only slight loss in 36 ears. There was a 
moderate hearing loss in 17 ears, and in 12 of these it was of 
a perceptive type. There was a marked hearing defect in 
16 ears, and in 15 of these the loss was of a perceptive or 
combined type. One ear showed a subtotal loss of hearing. 


In the last age group (over 51 years) there were eight 
cases; in this group there were only two normal ears. Ten 
ears showed a moderate hearing loss, and four marked 
deafness. 


In the entire number of 98 ears there were 45 which cer- 
tainly gave some indication of inner ear damage. Even after 
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eliminating certain malingerers and some in whom the hear- 
ing defect was present before injury and, therefore, due to 
other causes, there certainly were many ears in which the 
defect in hearing was due to injury. In some the defect may 
have been caused by stretching of the cochlear nerve, occa- 
sioned by the side motion of the brain, as Ulrich contends, but 
we cannot deny that in many of these the defect was due to 
hemorrhage into the inner ear, which would place them in 
the category of commotio labyrinthi, a classification the exist- 
ence of which many otologists deny ; commotio labyrinthi will 
be discussed later. 
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COCHLEAR FUNCTION IN UNILATERAL LONGITUDINAL FRACTURES. 


This group consisted of 112 cases; in 10 of these the longi- 
tudinal fracture of the petrous bone was associated with frac- 
tures of other portions of the skull. Several cases were not 
included in this study of the hearing defects because the age 
of the patient was not known. The hearing was tested in 
108 cases. 


In the group of 20 years or under, 15 cases were studied. 
The ear of the side involved by fracture was normal or showed 
only slight hearing loss in seven, moderate hearing loss in 
four, and marked loss of hearing in four. On the side unaf- 
fected by the fracture, 11 were normal or showed only slight 
loss, three showed a moderate loss, and one showed a marked 
loss of hearing. In this group, both ears showed the same 
degree of involvement in five, the ear on the side of the frac- 
ture showed more marked involvement than its fellow in 
seven, and less involvement than its fellow in three cases. 
There was an inner ear type of hearing loss in 11 ears on the 
side of the fracture, and in five on the opposite side. 
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In the group of 21 to 50 years, inclusive, 82 cases were 
studied. The ear on the side of the fracture was normal or 
showed only slight hearing loss 17 times, moderate loss 24 
times, marked hearing loss 18 times, and subtotal loss five 
times. The opposite ear was normal or showed only slight 
loss 35 times, moderate loss 26 times, marked loss 19 times; 
there were no ears with subtotal loss. In this group, both ears 
showed the same degree of involvement in 31, the ear on the 
side of the lesion was more involved than its fellow in 38, and 
was less involved than its fellow in six cases. There was prob- 
ably inner ear involvement in 69 ears on the same side as 
the fracture, and in 52 ears of the opposite side. 


In the group over 51 years there were 11 cases. None of 
the ears were normal and there were none showing slight 
involvement. The ear on the side of the fracture showed a 
moderate loss of hearing once, marked loss nine times, and a 
subtotal loss once. The opposite ear showed a moderate loss 
of hearing two times, a marked loss seven times, and no 


subtotal loss. All cases gave evidence of inner ear involve- 
ment. 


In all three groups, 216 ears were studied. Discounting the 
ears with normal or only slightly impaired hearing, there was 
considerable loss of hearing of variable degree in 86 ears, or 
79.5 per cent on the homolateral, and in 59 ears, or 54.6 per 
cent, on the contralateral side. 


From this summary one can make several general deduc- 
tions: 1. The function of hearing is more severely damaged 
by the longitudinal fracture as age increases, the percentage 
of normal or slightly damaged ears being 60 per cent in the 
first group, 32.4 per cent in the second group, and nothing 
in the third group. 2. Although the ear on the side of the 
fracture more frequently showed a greater loss of hearing 
than its fellow, still in many of the cases the degree of hear- 
ing loss was almost the same in both ears. This observation, 
taken in conjunction with the large number of ears which 
showed an inner ear type of deafness, indicates to me that 
we cannot discard the classification of commotio labyrinthi, 
as so many otologists would have us do, if by commotio we 
understand a damage to the end-organ by hemorrhage into 
the inner ear. 
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COCHLEAR FUNCTION IN BILATERAL LONGITUDINAL FRACTURES. 


Thirty-four cases in which there was bleeding from both 
ears were studied; of these, six were age 20 years or under, 
23 were between 21 and 50 years, inclusive, and five were over 
50 years old. In the first group, eight ears were normal or 
showed only slight hearing loss, three showed a moderate con- 
duction loss, and one a marked perception loss. In the next 
age group there were seven normal ears, eight with only 
slight loss, nine with a moderate loss, 20 with a marked loss, 
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and two with subtotal loss of hearing. In the last group there 
were no ears with either normal hearing or only a slight loss, 
seven with a marked loss, and one with a subtotal loss of 
hearing. In one of the cases of this group, hearing tests were 
not made. In the first group there were two, in the second 
group, 33, and in the last group, eight ears which seemed to 
indicate inner ear involvement. In the 66 ears of cases with 
bilateral bleeding, there was considerable loss of hearing in 
43 ears, or 65 per cent. 
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The remarkable feature of this whole group of bilateral 
longitudinal fractures was that there were 12 ears with nor- 
mal hearing and 11 ears with only a slight hearing involve- 
ment. Here again, as is true in unilateral longitudinal frac- 
tures, the amount of the hearing defect increases with the 
age of the patient. 


HEARING FUNCTION IN LABYRINTHINE FRACTURES. 


In this group there were 16 cases; there was total deafness 
on the affected side in all the cases. On the contralateral 
side there were three ears with normal hearing, three with 
slightly affected hearing, three with a moderate loss, six with 
a marked loss, and one with a subtotal loss of hearing. There 
was apparently an inner ear type of deafness in 10 of these 
contralateral ears. 


Voss’ had five cases of total deafness in which he made the 
diagnosis of longitudinal fracture but is unable to say, with- 
out histological studies, whether the deafness was due to an 
isolated tearing of the acoustic nerve in the sense of Ulrich, 
an inner ear fracture not discernible by X-ray, an endolym- 
phatic hemorrhage or a fluid wave of liquor. In his cases of 
longitudinal fracture he found a high grade deafness in 35.6 
per cent, a moderate loss of hearing in 8 per cent, but he 
tested the hearing function with the whisper alone. Davis* 
states that most of the deafness he encountered in these cases 
was of a conductive type, that any improvement which takes 
place occurs in the first eight weeks, and that he has never 
seen a case of inner ear deafness caused either by concussion 
or by fracture of the middle fossa. Brunner’ does not believe 
the old teaching that longitudinal fractures lead to deafness 
and states that such loss of hearing as he found was present 
in only 35 per cent of his cases and affected the inner ear 
only mildly. 


My investigation of the hearing function in skull fractures 
would indicate that the ear is moderately or seriously damaged 
in 49 per cent of the fractures which do not involve the 
petrous pyramid directly, and that in 45.7 per cent the dam- 
age is of an inner ear type. The longitudinal fractures of the 
temporal bone cause a hearing loss in 63.4 per cent of the ears, 
and here also the damage is more often of an inner ear than 
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a middle ear type. In the group of labyrinthine fractures, the 
deafness is complete in all of the homolateral ears, and the 
hearing is considerably damaged in 65 per cent of the contra- 
lateral ears. 


DISTURBANCES OF EQUILIBRIUM IN SKULL FRACTURES. 


Dizziness is one of the most common complaints after 
injury to the head but, as I have previously pointed out, all 
forms of dizziness are not otitic in origin. A turning vertigo 
is a certain sign of vestibular disturbance. Errors of sensa- 
tion, such as tilting of the bed, a rising of the floor, a falling 
of the ceiling or walls of a room, a feeling of uncertainty or 
of being drunk may be of vestibular origin if accompanied by 
a hyperirritability of the vestibular mechanism to caloric 
stimulation or a marked inequality of the two vestibular 
mechanisms to such stimulation. This is especially true when 
the complaint of vertigo is accompanied by spontaneous 
rotary-horizontal nystagmus, spontaneous pastpointing, spon- 
taneous drift of the arms in the deviation test, and anomalies 
of gait or station. 


When there is marked hemorrhage into the vestibule or 
when the vestibule has been fractured, the vertigo is violent, 
excessive and continuous, but tends to disappear after a few 
weeks. When the vertigo is not of this type but comes on in 
spells or attacks caused by sudden movements of the head, 
elevation above ground level, muscular effort, exposure to sun 
and heat, and even very mild indulgence in alcohol, it does 
not arise from the end-organ but is due to a disturbance in 
the central vestibular nuclear territory occasioned by hemor- 
rhage, scarring and vasomotor disturbances. 


In the group of skull fractures which did not directly in- 
volve the petrous bone, consisting of 49 cases, vertigo was 
complained of and objective vestibular disturbances were 
present in 37, or 75.5 per cent. In the group of unilateral 
longitudinal fractures, they were present in 82 out of 112 
cases, or 73.2 per cent, and in the group of bilateral longitudi- 
nal fractures they were present in all but eight of the 34 
cases, or 76.5 per cent. Only four of the 16 cases of laby- 
rinthine fractures did not complain of vertigo. My observa- 
tions also indicate that vestibular disturbances are more likely 
to occur as age increases. 
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COMMOTIO LABYRINTHI. 


In 1905, Passow’ classified temporal bone injuries into: 
1, fractures of the labyrinthine capsule; and 2. hemorrhages 
into the labyrinth, or commotio labyrinthi. The researches of 
Stenger® and Brunner’ on experimental animals, and the 
pathological findings of Barnick’ Sakai,2° Schénbauer and 
Brunner* and others show that hemorrhage into the inner ear 
can take place without any fracture of the labyrinthine cap- 
sule. Ramadier and Caussé,"* Mauthner,** Mellenger* and oth- 
ers agree that a commotio labyrinthi without any damage to 
the osseous shell of the labyrinth can and does occur. Opposed 
to this view are Uffenorde,** Ulrich" ** and Klingenberg.** 
I have found many cases of serious or profound hearing loss 
after head trauma in which careful investigation failed to 
reveal any evidence of skull fracture; in other words, cases of 
pure brain concussion. I have also found, as these records 
show, many cases of longitudinal fracture of the petrous bone 
in which there was a marked hearing loss, not only on the 
side of the fracture, but also in the opposite ear. To say that 
the hearing defect in all of these cases is due to a tearing or 
stretching of the acoustic nerve and not to hemorrhage into 
the inner ear, as Ulrich does, is begging the question, partic- 
ularly in view of the pathological studies above noted. I must, 
therefore, join with those who believe that these changes in 
the hearing function are caused, at least in part, by hemor- 
rhage into the inner ear or by commotio labyrinthi. 


DIAGNOSIS. 


The diagnosis of a longitudinal fracture will rest upon the 
presence or absence of bleeding from the ear, hematotym- 
panum, the escape of cerebrospinal fluid, liquor tympanum, 
visible fractures of the external canal walls, a positive X-ray 
when obtainable, and the functional examination of the ear. 
The presence of bleeding or a hematotympanum makes the 
diagnosis of such a fracture very likely. Its absence, or the 
absence of a drum rupture does not exclude it. The escape 
of cerebrospinal fluid from the ear is definite evidence of a 
longitudinal fracture if some hearing remains, but its pres- 
ence in the middle ear without a rupture of the drum may be 
due either to a longitudinal or a labyrinthine fracture. A pos- 
itive X-ray is a great help for conclusive evidence, but a neg- 
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ative X-ray finding in no way excludes the fracture because, 
in my opinion, the depiction of a middle fossa fracture by 
X-ray is extremely difficult. The functional examination is 
important evidence. 


The diagnosis of transverse fractures of the pyramid is 
based upon history, the X-ray, the otoscopic examination and 
the functional examination. The history will assist because 
in most of these fractures the trauma to the head is occipital 
or frontal. The X-ray is of much more assistance here than 
in the case of the longitudinal fracture, particularly if the 
fracture line is gross enough; fine fissures of the labyrinthine 
capsule are frequently not discernible. Furthermore, when 
once seen on an X-ray plate the fracture can again be found 
on subsequent radiographs for many years. The otoscopic 
examination reveals a normal external auditory canal and 
either a normal drum or a condition of liquor tympanum. 
Occasionally a hematotympanum without drum rupture is the 
result of a labyrinthine fracture which reaches the lateral 
labyrinthine wall. The functional examination is not reliable 
in the first few days after injury but will later reveal a com- 
plete cochleovestibular paralysis. 


The diagnosis of a fracture involving only a portion of the 
labyrinth and destroying only one of its functions is not easy 
in the living patient. The X-ray may help; if the fissures are 
fine it may fail. We must never lose sight of the fact. that the 
same clinical findings can result from a massive hemorrhage 
into one of the compartments of the inner ear or to an isolated 
injury of one or the other branch of the VIIIth nerve in the 
sense of Ulrich. In the living, this diagnosis can, therefore, 
only be made tentatively. 


COMPLICATIONS AND PROGNOSIS. 


The mortality of skull fractures in general according to 
various statistics varies from 10.6 per cent to 37.8 per cent. 
(Gotten,"*, 10.6 per cent; Fay," 18.3 per cent; Swift,®*, 25.15 
per cent; Schénbauer and Brunner,‘ in a series from the von 
Eiselsberg Clinic, 27.7 per cent; Wortis and Kennedy,‘ 37.8 
per cent). Most of the deaths occur within the first 48 hours. 
Thus, Angelesco (cited by Ramadier and Caussé"*) reported 
that 87 deaths out of 100 occurred in the first 48 hours. The 
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bulk of this early mortality is caused by shock, cerebral con- 
tusion, cerebral hypertension or intracranial hemorrhage. 
There remain approximately 15 cases per 100 in which death 
occurs later and in which meningitis is a predominant factor, 
although the patient may also die of prolonged shock or 
bronchopneumonia. 


Considering basal skull fractures alone, the mortality rate 
assumes still more alarming proportions. Angelesco (cited by 
Voss*) reported 36 deaths in a series of 130 cases, 22 of 
which died in the first 48 hours. Schénbauer and Brunner,* 
combining the statistics of Chadowsky, A. Heer, Murney, 
Burkhardt, Frank, Crandon and Wilson, Graaf and Schaack, 
gave an average mortality of 52.9 per cent, and Grete,” 
reviewing the statistics of A. Heer, Graf, Valentin, Lange 
and Phelps, consisting all told of 486 cases, placed the mor- 
tality at 53.24 per cent. Davis** found a mortality of 39 per 
cent in cases with unilateral bleeding, and 66 per cent where 
the bleeding was from both ears, and Gurdjian’s* figures in 
this respect are quite similar, being 38 per cent and 67 per 
cent, respectively. 


In the cases which survive the tivst 48 hours, the most fre- 
quent cause of death is meningitis. Among these there were 
26 in the 486 deaths studied by Grete. Borden** found men- 
ingitis in 8 per cent of 35 autopsies, Brunn (cited by Yer- 
ger) in 8 per cent of 470 cases, Moody* in 7 per cent of 
547 cases, and Vance™ found 48 cases of meningitis in 512 
cases of basal skull fractures. These figures, however, include 
all basal skull fractures, those of the anterior as well as the 
middle fossa. Meningitis frequently occurs in the first few 
weeks following injury but it can occur later when the case 
has apparently made a successful convalescence. In fact, 
because of the peculiar healing properties of the bone of the 
labyrinthine capsule alluded to above, the individual who has 
suffered a transverse fracture of the pyramid is never free 
of this danger. The development of otitis media in such a case 
is a danger signal which must be carefully watched. In fact, 
when the roof of the Eustachian tube has been fractured along 
with the labyrinth meningitis can complicate the picture with- 
out the appearance of a frank otitis. 


Longitudinal fractures offer some risk of endocranial com- 
plications if a middle ear infection soon follows the rupture of 
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the drum. The danger of intracranial complication subsequent 
to this type of fracture usually only exists if suppuration 
appears soon after the rupture of the drum. If it does not 
develop soon after a longitudinal fracture, there is very little 
risk of later meningeal infection. The union of the fracture, 
whether osseous, fibrous or fibro-osseous, apparently produces 
sufficient barrier to the passage of infection. Fraser, in the 
discussion of Nager’s paper,*t cited the case of a patient who 
had died of meningitis following an otitis media one year 
after a basal skull fracture, confirmed by microscopic exam- 
ination. The fracture had involved the roof of the antrum 
but had completely spared the labyrinthine capsule, therefore 
being definitely of the longitudinal variety. This case illus- 
trates that the translabyrinthine route is not the only one 
taken by a late meningitis after fracture of the temporal bone. 
To the best of my knowledge, this is the only observation of 
this sort in the literature, and I will now offer one of my own. 


Case Report 169: Paul P., age 57 years, was injured on 
July 7, 1928. While loading a mortar box onto a truck, he 
fell backwards off the truck, striking his head on the pave- 
ment. He was rendered unconscious and remained so for 
several days. At the time of injury he was bleeding from 
nose, mouth and the right ear. He was sent to the Emergency 
Hospital, where he remained for one and one-half hours. 
While there, he had a convulsion. He was transferred to the 
Misericordia Hospital, where he remained for 24 days. While 
there, he had several convulsions. Upon recovering conscious- 
ness he had a mild mania and was delirious for about two 
weeks. 


On July 25, 1928, his physician reported “hearing still very 
much impaired.” 


On Sept. 4, 1928, his physician reported “impacted cerumen 
removed from both ears, which improved his hearing very 
much. He still complains of pain in the head and dizzy 
attacks.” At this time he complained of almost total deafness 
in the right ear. 


He returned to work on Sept. 10, 1928, and continued to 
work until Nov. 24, 1928, when he was obliged to stop work 
because of severe headache. On this date, his physician 
reported a temperature of 103° F., pin point pupils and pro- 
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jectile vomiting. Later in the day there was a convulsion, 
although there had been no convulsions since his hospital 
discharge. He was again hospitalized. On the following day 
rigidity of the neck and a left-sided facial paralysis appeared. 
The spinal fluid was under pressure, showed a cell count of 
3,017, and a pneumococcus present. 


I saw this patient for the first time on Nov. 26, 1928. He 
was comatose and had a Cheyne-Stokes respiration. The fundi 
were negative. The left external canal and drum were neg- 
ative. The right external canal was clear. There were no 
perforations of the drum. There was a fine leash of blood 
vessels coming over Shrapnell’s membrane from the posterior 
superior canal wall, which was ridged and reddened (undoubt- 
edly a fracture line). 


He expired on Nov. 27, 1928; diagnosis: meningitis. No 
autopsy was obtainable. 


Comment: I have classified this case as one of longitudinal 
fracture because of the bleeding from the ear and because 
of the fact that while the hearing of his right ear was mark- 
edly impaired it was not totally deaf. The possibility that 
the right labyrinth was also fissured by the fracture cannot 
be excluded, because no necropsy was obtainable. No X-ray 
information was available. This case also emphasizes the 
necessity of early otological examinations in head injuries. 
This case and that of Fraser are the only cases of longitudinal 
fracture of the petrous bone in which a late meningitis devel- 
oped thus far reported in the literature. 


That the appearance of ear suppuration shortly after a 
longitudinal fracture does not make the prognosis worse than 
it would be without the presence of the fracture is shown by 
several cases in this series. In Cases 103 and 127 the ear 
which bled discharged pus for several weeks and then cleared 
up. Case 167 suffered a bilateral longitudinal fracture with 
bleeding from both ears. The patient had at the time of 
injury a chronic otitis media on the left side. He was not 
operated upon. Case 22 suffered a bilateral longitudinal frac- 
ture, followed by right otitis media and subsequently by the 
development of a cholesteatoma. She is still living, five years 
after her injury, and operative interference has been refused. 
Case 85 developed an otitis media, followed by definite mas- 
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toid symptoms, which cleared up without operation. Cases 
147 and 177 developed otitis media and mastoiditis after 
longitudinal fractures. The mastoids were operated upon, and 
both recovered. Case 177 is particularly interesting because 
during the simple mastoid operation a fracture line was 
encountered, running across the upper portion of the mastoid 
toward the attic. 


These cases would indicate that the appearance of a sup- 
purative process in the ear which has bled following a basal 
skull fracture does not make for a worse prognosis than it 
would occasion by itself and, in my opinion, the same rules 
should govern therapy as would be laid down for the treat- 
ment of the same suppuration uncomplicated by the longitudi- 
nal fracture. 


The nine cases in my series of 211 skull fractures which 
discharged cerebrospinal fluid from the ear for a variable 
period, plus a similar case in my shorter series, all of which 
recovered without any suppurative complications of the ear, 
controvert the absolutely black prognosis given to this symp- 
tom by Davis,*® who stated that he had seen four cases in 
which the escape of cerebrospinal fluid accompanied the bleed- 
ing from the ear, and all four had been fatal. I do not regard 
the escape of cerebrospinal fluid as making the prognosis 
any worse than the escape of blood from the ear as long as 
the functional tests indicate no labyrinthine fracture. 


The prognosis of transverse fractures, and particularly of 
combined transverse and longitudinal fractures, as to life is 
definitely worse than that for pure longitudinal fractures, 
inasmuch as the danger of late traumatic meningitis is con- 
siderably greater. This concerns, naturally, only those cases 
in which the fracture has reached the lateral wall of the 
inner ear. If this wall is spared, which is relatively seldom, 
then the danger of infection from the tube and the middle 
ear is gone. The danger of a late meningitis in these cases is 
due to the poor healing qualities of certain portions of the 
labyrinthine shell alluded to above. These fractures cicatrize 
in such a way that a pathway for bacteria is left indefinitely. 
If, under these circumstances, even a mild otitis appears, 
years after the injury, there is a great chance of its being 
complicated by a labyrinth infection and meningitis. The 
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length of time intervening between the fracture and the 
meningitis is illustrated by the following case reports listed 
in the literature: Scheibe, three weeks; Scheibe, 28 days; 
M. Meyer,"' four weeks; Politzer,** 40 days; Politzer,** 50 
days; Klestadt,** 50 days; Nager,** six months, Nager,** 210 
days; R. Hoffmann,** 209 days; Ruyter,’* seven months; 
Ramadier,* 15 months; Brock,” 15 years; and Schittler,” 
16 years. These cases were all checked by microscopic study. 
An excellent review of this particular subject has been 
presented by Nager.**.** I have not seen late meningitis in 


my series of 16 cases tentatively diagnosed as labyrinthine 
fracture. 


Brain abscess may occur after a basal skull fracture, but 
the literature reveals that this complication is quite rare. In 
1932, Grete,*’ of Nager’s Clinic, reported the case of a man, 
age 37 years, who sustained a basal fracture involving the 
occipital and left parietal bones. The first otological exam- 
ination on the fifteenth day revealed suppuration of the right 
ear. Three and one-half months later there were symptoms 
of brain abscess, and operation revealed a temporal lobe 
abscess. Grete also reports a case of Beck of a bilateral 
longitudinal fracture in which suppuration appeared in the 
left ear, and exitus from meningitis occurred five weeks after 
the accident. Autopsy revealed a diffuse purulent meningitis 
and a deep-seated abscess in the left temporal lobe. In 1915, 
Ruttin (Grete®) reported a case of longitudinal fracture in 
which death occurred two months after the accident, and 
the autopsy revealed a large abscess in the right temporal lobe 
and a fracture threugh the squama to the petrous bone. 


Dixon™ reported a very interesting complication in the case 
of a male, age 27 years, who had been thrown from a car to 
the pavement and brought unconscious to the hospital. X-rays 
revealed a stellate fracture of the posterior portion of the 
parietal and occipital bones on the left side. There was no 
bleeding from either ear but when first seen by Dixon on the 
fifth day there was a hematotympanum on the left side. The 
temperature was normal up to the fifth day and then rose to 
101°. At this time pain developed in the ieft ear and over 
the course of the left jugular vein. On the following day there 
was a chill and the temperature rose to 104.2°. Twenty-four 
hours later there was another chill. Operation revealed a 
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normal mastoid. Near the upper end of the sigmoid sinus 
there was an old blood clot. The sinus was completely throm- 
bosed; its wall was smooth and presented no visible tear. 
Recovery ensued. 


A still rarer complication of a bilateral longitudinal frac- 
ture is an injury of either one of the petrosal sinuses or of 
the cavernous sinus, of which the following case report is an 
example. 


Case 203: Joseph K., age 27 years, was injured on May 25, 
1936. His head was crushed between two boxcars, and he 
was obliged to stand there until the two cars were pulled 
apart. There was no unconsciousness at this time. He 
was removed to the hospital and upon arriving there he 
became unconscious. Thereafter he was either unconscious 
or delirious for two and one-half months. Information from 
his attending physician reveals the fact that he was bleeding 
from nose, mouth and both ears, more profusely on the left 
side. On Sept. 12, 1936, his physician ligated the external 
carotid artery on the left side, presumably because of a 
proptosis and pulsating exophthalmos of the left eye. A bruit 
returned after this operation, and on Dec. 7, 1937, the left 
internal carotid artery was tied off. His face became crooked 
but he does not remember when this occurred. Since his acci- 
dent he has had a numbness in the left side of his face and 
of the roof of his mouth. He apparently also had a partial 
paralysis of the left arm and left leg, but whether this came 
on after the accident or followed one of the operations it is 
difficult to elicit. No X-ray information was obtainable. 


When examined on June 23, 1938, at the Columbia Hospital 
and at my office, his complaints were the following: 1. a bulg- 
ing left eye; 2. a bruit every morning and at night, which 
was continuous in character until he had his second opera- 
tion; 3. his face is crooked; 4. numbness of the left side of 
his face and the whoie of his mouth; 5. disturbed sense of 
taste. My examintion revealed the following: There was a 
complete left facial paralysis, with contractures. There was 
a marked proptosis of the left eye, associated with limitation 
of its movements, a pseudo-ptosis and a vision reduced to 
20/100. His hearing was normal for voice, tuning forks and 
audiometer. He offered no complaint of vertigo, and objec- 
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tive examination of his vestibular mechanism was normal. 
X-rays of his skull taken at this time were negative for 
fracture. 


Comment: The interesting features of this case were the 
bilateral longitudinal fracture of the petrous bones, evidenced 
by bleeding from both ears, the absence of immediate uncon- 
sciousness, followed by a long period of unconsciousness 
and delirium, the complete facial paralysis, the pulsating 
exophthalmos, associated with a bruit. This was caused by 
an arteriovenous aneurysm of aseptic character between 
internal carotid artery and cavernous sinus, a traumatic con- 
dition to which I drew attention in 1936.** 


THERAPY. 


The therapy of skull fractures in general has undergone a 
marked change in the United States during the last 15 to 
20 years. The open operations of the trephine and subtem- 
poral decompressions formerly practiced on all head injuries 
showing signs of increased intracranial tension are now 
reserved for such specific conditions as depressed fractures, 
extradural hematomata and middle meningeal hemorrhage. 
The present-day treatment for the control of increased intra- 
cranial tension consists in the limitation of fluid intake, the 
use of various hypertonic solutions by the intravenous route, 
free catharsis and repeated lumbar punctures. This has 
resulted in a marked reduction of the mortality in this class 
of cases, if the statistics of Fay,** Gotten™ and others are any 
indication. 


In the special otological treatment of the ear which is 
bleeding, one should be content to cover the ear with sterile 
dressings and not handle it in any other way unless suppura- 
tion ensues. I certainly cannot recommend the treatment of 
Ramadier,’* Davis** and others, of cleansing the external canal 
with alcohol or peroxide and placing an iodoform wick in the 
canal. If the bleeding is so profuse as to lead one to the con- 
clusion that the sigmoid sinus has been injured, one may have 
to expose and block the sinus. 


In the treatment of fractures of the temporal bone, the 
classical rule has been to avoid operative interference unless 
a suppuration occurred. At the present time opinions on this 











862 GROVE: SKULL FRACTURES INVOLVING EAR. 


point are divided. Voss,* and more particularly Linck (cited 
by Voss), advocate active surgery in all types of temporai 
bone fractures. The majority of otologists, however, are 
inclined to be much more conservative. 


In longitudinal fractures associated with bleeding from the 
ear, where no suppurative process existed in the ear prior to 
the fracture and none sets in, most otologists, with the pos- 
sible exception of Linck, are in agreement that an operation 
is indefensible. If an otitis media and a mastoid suppuration 
develops, Ramadier and Caussé"* advise operating, preferably 
in the radical manner. Inasmuch as he has succeeded very 
well by conservative methods in 17 cases of severe basal skull 
fractures with otitis media, Brunner’® would individualize 
these cases, and draws a sharp distinction between the longi- 
tudinal and the transverse types of fractures. In longitudinal 
fractures complicated by otitic suppuration, he only advises 
surgery if the infection has extended beyond the middle ear 
(presence of fever, chills, headache, mastoiditis, meningeal 
symptoms, etc.). Harrison’ operated on such a case 16 days 
after the fracture, with complete recovery. With a pre-exist- 
ing otitis media, Nager** would not operate unless signs of 
meningeal irritation appeared. Fraser did operate upon 
three such cases, and all of them died. If suppuration super- 
venes in a bleeding ear, Davis*® does a simple mastoid oper- 
ation. Voss* operates in all secondary infections in the neigh- 
borhood of the middle ear or mastoid. Ulrich** and Biechele*’ 
are inclined to treat these cases conservatively. Loebell,’’ on 
the other hand, believes that surgical intervention becomes 
imperative when a suppurative process develops in a traumat- 
ically damaged ear, or in case the cerebrospinal fluid or bloody 
discharge suddenly becomes infected, and in cases of fracture 
through an already suppurative ear, particularly if the pre- 
existing suppurative process flares up. My own experience 
with six cases in which suppuration followed the fracture and 
one case in which the fracture occurred through an already 
existing suppuration convinces me that such suppuration is 
not ordinarily complicated by endocranial invasion, at least to 
no greater degree than would exist in the suppurative process 
itself if uncomplicated by a fracture. The indications for 
operative procedure are those of the suppurative process 
itself. I have operated upon two of these cases, but only 
because the suppuration as such required the operation. Nor 
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does the spectre of a late ear infection, followed by menin- 
gitis, rear its head in this type of case, for in spite of the 
countless number of cases of longitudinal fractures of the 
petrous bone, associated with a ruptured membrana tympani 
and bleeding from the ear, only two cases of late ear sup- 
puration terminating in meningitis have thus far been 
reported, one by Fraser and one by myself. 


The question of operative interference in labyrinthine frac- 
tures is somewhat different, and this question is bound up 
with the fact that in approximately 50 per cent of these frac- 
tures the lateral labyrinthine wall is damaged and the laby- 
rinth is put into communication with the middle ear. Inas- 
much as microscopic examination has shown us that these 
fractures heal by fibrous tissue and not by bony union, the 
danger of a late meningitis always exists. Linck and Voss 
would operate on all labyrinthine fracture cases, infected or 
not, and they advise the radical mastoid operation, plus some 
form of labyrinth operation. Brunner’ considers the situa- 
tion very serious when an otitis follows a transverse fracture 
and, while a few of these cases have recovered under con- 
servative treatment, believes that they should be operated 
upon. Nager,** summarizing the opinions of Manasse, Lange, 
Zange, Otto Mayer, etc., believes that the appearance of any 
infectious process in the organ of hearing after a transverse 
fracture is an absolute indication for operative exposure of 
the territory, and to this Ramadier and Caussé™ state that 
the appearance of clinical symptoms of meningitis calls for an 
immediate radical operation, and if a labyrinthine fracture 
is found, also a labyrinth operation. 


In my own experience with 16 cases of supposed labyrinth 
fracture, no ear suppuration has supervened to date, and I 
have advised no operative interference; however, because of 
the fact that in approximately half of these the internal wall 
of the middle ear has probably been fractured, I would advise 
careful clinical observation. Should an otitis media appear at 
any time, I would operate immediately, without waiting for 
an extension of the infection to the mastoid, or for the clin- 
ical signs of meningeal irritation. I would counsel an imme- 
diate radical mastoidectomy, with some form of a labyrinthine 
operation. Naturally, with the concomitant administration 
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of sulfanilamide the prognosis of such a case should be 
materially enhanced. 


SUMMARY, 


1. From an otological standpoint a clinical study of 211 
skull fractures is presented. Of these, 49 were miscellaneous 
fractures of vault, face and sinuses, 146 longitudinal fractures 
of the temporal bone, and 16 fractures of the petrous pyramid. 


2. The course of temporal bone fractures, their pathology, 
mode of production and repair processes are described. 


8. Three cases of probable isolated cochlear fracture are 
presented. 


4. The peculiarities of reparative processes in the laby- 
rinthine capsule and the relation of these peculiarities in bone 
repair to the late demonstration of such fractures by X-ray 
are discussed. 


5. For the diagnosis of temporal bone fractures, a careful 
evaluation of symptoms and signs is necessary. These consist 
of history of unconsciousness, early otoscopic examination, 
discharge of blood or cerebrospinal fluid, presence of hemato- 
tympanum or liquor tympanum, ecchymosis over the mas- 
toid, facial paralysis, radiological examination and functional 
testing. 


6. Seven cases of late hemorrhage from the ear after basal 
skull fractures are presented. 


7. The escape of cerebrospinal fluid was encountered eight 
times. This sign indicates that the subarachnoid space has 
been opened, and in my experience has always been asso- 
ciated with longitudinal fractures. Also, from my experience 


the prognosis is relatively good both as to function and as to 
life. 


8. Facial paralysis occurred in 31.25 per cent of the cases 
of petrous bone fracture, and in 18.7 per cent of the longitudi- 
nal fractures. It was complete and permanent in 20.7 per 
cent of the cases. The remainder recovered. 


9. The X-ray is undependable in longitudinal fractures but 
very reliable in fractures of the otic capsule. 
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10. The examination of cochlear function is unreliable in 
the early weeks because of disturbed sensorium and other 
factors. In the group of miscellaneous skull and face frac- 
tures there was indication of perceptive deafness in 50 per 
cent of all the ears. In the unilateral longitudinal fracture 
group, the majority of ears showed a perceptive type of 
involvement, and though the ear on the side of the fracture 
frequently showed greater loss of hearing than its fellow, still 
in many cases the degree of hearing loss was the same on 
both sides. In the bilateral longitudinal fracture group, 65 
per cent of the ears showed a considerable hearing defect, 
mostly of a perceptive type. In the transverse fracture cases, 
56.2 per cent of the contralateral ears showed a considerable 
hearing loss. In all groups, the age factor is important, the 
loss of function increasing with the age of the patient. 


11..Objective vestibular disturbances were found in the 
neighborhood of 75 per cent of all cases, irrespective of the 
type of fracture, and the origin of these was felt to be central 
rather than peripheral in the majority of cases. 


12. Prognosis: Fracture of the otic capsule always pre- 
sents the danger of a late meningitis even after many years. 
After the initial convalescence, the longitudinal fracture pre- 
sents very little danger of later intracranial invasion. 


13. The author cannot subscribe to the radical views on 
surgical intervention promulgated by Linck, Voss and others, 
and contents himself with a more conservative form of treat- 
ment; however, in the fractures through the otic capsule, 
subsequent otitic infection and suppuration must be closely 
watched, vigorously dealt with, and the labyrinth operation 
must be done on the earliest approach of meningeal symptoms. 


ADDENDA. 


Since writing the above, an extensive article on the hearing 
defects and disturbances of equilibrium caused by skull frac- 
tures, by A. Alexander and R. Scholl*® has appeared and it 
seemed unwise to close this paper without making reference 
to their findings. Their material consisted of 551 cases of 
head trauma, only 387 of which they were able to follow up. 
They classified their 387 cases as follows: Commotio cerebri, 
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231 cases; contusio cerebri, 27 cases; face fractures, 22 cases; 
vault fractures, 40 cases; and base fractures, 67 cases. 


They found objective evidence of hearing or vestibular 
damage in 10 per cent of the 387 cases. The disturbances of 
the vestibular apparatus were more numerous than those of 
the cochlear division. In the commotio cases with hearing 
complaints, a damage to the cochlear apparatus could only be 
demonstrated in one-seventh of the cases. In the cases of basal 
skull fracture with complaints of loss of hearing, damage to 
the cochlear apparatus could be demonstrated in 80 per cent. 


With regard to the cochlear damage, they state that, whereas 
in general the more severe skull injuries more frequently cause 
hearing disturbances than the milder skull injuries, they are 
in full agreement with Koch, Voss, Uffenorde, Wittmaack and 
my own findings, that the mildest form of trauma may cause 
the most severe functional disturbance, and vice versa. They 
are also in agreement with various authors, that in general 
the degree of hearing defect depends upon the distance of the 
applied force from the ear. 


They also call attention to the fact that cases in which the 
middle ear is damaged show an initial marked impairment of 
hearing which subsequently improves to considerable degree. 
Sixty per cent of their cases with hearing defects indicated a 
pure perceptive type of loss, unilateral more frequently than 
bilateral. The percentage of objectively demonstrated hearing 
defects increases with the severity of the head trauma, from 
15 per cent in commotio cerebri to 80 per cent in basal skull 
fractures. 


My general criticisms of this excellent survey are as fol- 
lows: 1. No mention is made of the method of conducting 
hearing examinations; if audiometric studies were not made, 
many minor hearing defects, especially of the perceptive type, 
were missed; 2. their deductions on vestibular damage are 
based upon hyperexcitability, hypoexcitability and absence of 
reaction; they make no mention of a difference in reaction 
between the two sides; in other words, an imbalance; 3. their 
deductions are all based upon late examinations made from 
one to six years after the injury and, therefore, discount all 
such vestibular injuries as may have become compensated dur- 
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ing the course of the first year. Their findings, however, fall 
within the scope of the title of their paper. 
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REPORT OF THE CHICAGO COMMITTEE ON 
OTOGENIC MENINGITIS, 1939.* 


Dr. ALFRED LEwy, Chicago. 


This year, the Chicago Committee planned to report only 
on pneumococcus meningitis. Seven unpublished authentic 
cases are known to us, with recovery. There may be a greater 
reluctance than formerly on the part of our colleagues to 
report their fatal cases since modern chemotherapy has so 
favorably influenced the results of treatment. At the time of 
this writing I have not received detailed reports of four of 
the above-mentioned cases which were promised me, and have 
included in the report one of streptococcus viridans, because 
of its rarity, and one in which the culture from the operated 
mastoid was reported as streptococcus hemolyticus, while the 
culture from the spinal fluid showed a Gram positive diplococ- 
cus. This I believe to be a mutation form, which, if true, only 
adds to the complexity of our bacteriological problem. 


Case 1: White male, age 1 year, admitted to County Hospital, service 
of Dr. A. Levinson, Dec. 6, 1938, with a history of fever and vomiting of 
three days’ duration. Temperature 104°; pharynx red; questionable loss 
of breath sounds in left base. Spinal puncture on admission showed 
five leukocytes per cmm., fluid clear, under slightly increased pressure; 
negative Pandy. Within two days patient developed bronchopneumonia 
and bilateral otitis media. Dec. 13, apathy and stiff neck; Dec. 15, bilat- 
eral mastoidectomy. Spinal puncture at this time showed cloudy fluid 
under pressure, 12,800 cells per cmm., mainly polymorphonuclears; glu- 
cose absent. The culture revealed a type IV pneumococus, blood culture 
also showed type IV pneumococcus. Patient was given 80,000 units type 
IV pneumococcus rabbit serum, and sulfapyridine gr. 15 every four hours. 
The following day the dosage was doubled. Clinical improvement in 
24 hours. By Dec. 22, spinal cultures were negative. The patient seemed 
fully recovered by Dec. 25. Sulfapyridine concentration in the blood 
was 2.8 mils. per 100 cc. 


The child was discharged, Jan. 19, 1939, apparently totally deaf, but 
otherwise well. There has since been noted some questionable return 
of hearing. 


Case 2: Male, age 35 years; diagnosis: asthma, hyperplastic spheno- 
ethmoiditis, service of Dr. Noah Fox. Bilateral intranasal ethmoidec- 
tomy; following day, meningitis, 5,000 cells, culture pneumococcus type 
XVIII. Sulfapyridine gr. 15 every four hours; rabbit pneumococcus serum 
type XVIII given partly intraspinally, partly intravenously, also air injec- 
tions intraspinally, as used in Vienna to prevent spinal block. Blood 
transfusions. Operation, March 16; clinical recovery, March 28; dis- 
charged, April 5. 


*Read at the Seventy-second Annual Meeting of the American Otological 
Society, Inc., Rye, N. Y., May 23, 1939 
Editor’s Note: This ms. receivei in Laryngocope Office and accepted for 
publication, June 5, 1939. 
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Case 3: Children’s Memorial Hospital, service Dr. George S. Living- 
stone. Female, age 10 years, admitted, Jan. 18, 1939. Pain in left ear and 
left neck two weeks with neck tenderness. Fever 99° to 104°, chill sec- 
ond day. Ears negative; spinal fluid normal; Tobey-Ayer test indicates 
left jugular block. Jugular exposed, appeared normal; blood withdrawn 
from it sterile. Three days later, X-ray shows coalescent mastoid, left. 
Mastoidectomy; purulent thrombus in lateral sinus drained; left jugular 
ligated. Feb. 1, stiff neck, bilateral Babinski. Spinal tap; fluid shows 
3,370 cells., polys., 84 per cent; culture shows streptococcus viridans. 
Sulfanilamide discontinued, sulfapyridine substituted. Temperature 
reached normal, Feb. 8, but fever recurred. This cycle has been repeated, 
twice the fever and symptoms abated, the spinal fluid became sterile, but 
symptoms recurred when spinal drainage was discontinued, and in spite 
of administration of sulfapyridine. The child is not yet well. The left 
petrous apex shows slight clouding, and the question arises of advisabil- 
ity of exploratory operation. 


Case 4: Admitted to the Illinois Eye and Ear Infirmary with a history 
of otitis media of 10 days’ duration; diagnosis: mastoiditis and menin- 
gitis. Mastoidectomy same day; uncovering dura middle and posterior 
fossa; beginning coalescence, alternating with hard bone. Culture from 
mastoid, streptococcus hemolyticus; culture from spinal fluid, a Gram 
positive diplococcus, which I believe to be a mutation form of the strep- 
tococcus; further cultures of spinal fluid negative. Sulfanilamide ther- 
apy, 8 gm. per day for two days, then gradually reduced. Uneventful 
recovery. 


Case 5: Oak Park Hospital, reported by Dr. John Theobald and Dr. A. 
H. Parmelee. Male child with otitis media and early meningitis. Culture 
from spinal fluid reported as diplococci in chains morphologically pneu- 
mococcus. Believed to be pneumococcus type III. Mastoidectomy and sul- 
fanilamide therapy. Recovery. 


Three patients to County Hospital, who died within 24 hours, diagnosed 
at postmortem as pneumococcus meningitis. 


Four other cases of pneumococcus meningitis, not otogenous origin, 
sulfapryridine therapy and recovery. I haven’t the details on these cases. 


According to these cases, sulfanilamide is useful in type III 
pneumococcus. In other types, sulfapyridine seems to be the 
remedy of choice, supplemented by the appropriate serum, 
which, according to some, should also be given intraspinally. 
The tendency to gastric disturbance is a considerable draw- 
back with this drug. Perhaps rectal or intravenous use of the 
new sodium sulfapyridine will help. The use of air, a few 
less cubic centimetres injected than the amount of spinal fluid 
removed, in Case 2, was suggested by Dr. Brunner, who 
believes it may have some value in preventing spinal block. 


The case of streptococcus viridans infection, on analysis, 
appears to have had its remissions, due rather to spinal drain- 
age than to the chemotherapy. Incidentally, I know of a case 
of subacute bacterial endocarditis in which sulfapyridine was 
tried without success. 
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A few days before I left Chicago, the streptococcus viridans 
case (Case 3) was reoperated; the perilabyrinthine cells were 
found softened and were curetted through a posterior fossa 
approach; the apex was reached through the carotid canal 
approach, but no pus found. Nevertheless, there is now con- 
siderable discharge from this region, and the child’s condition 
appears better for the time being. 


I believe that at present our best guide in the use of chemo- 
therapy is the drug concentration in the blood and the white 
blood count. The optimum blood concentration apparently dif- 
fers for different patients and will have to be worked out. 


25 East Washington Street. 
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DISCUSSION, 


Dr. Wilson has given a very detailed and lucid description of acute laryngo- 
tracheobronchitis ; however, I feel that the subject is so important, and there 
are sO many misconceptions about this disease that it would be worth while 
to give a few fundamental points about croup in general. When we are con- 
fronted with a case of croup, there are two things we think of: 1. Is this a 
case of croup? 2. What are we going to do for it? In order to establish the 
diagnosis of croup, we have to find evidence of some mechanical obstruction 
in the windpipe. All types of cases have been sent into the Willard Parker 
Hospital diagnosed as croup—poliomyelitis, convulsions, coma, heart failure, 
pertussia, asthma — everything you can mention. The first thing to establish 
is the presence of mechanical block in the windpipe. This is evidenced, first, 
by stridor and, second by retraction of the chest wall with inspiration. I must 
utter a word of caution here; in infants the chest wall is very, very mobile, 
and any disorder of the respiration, as occurs in pneumonia, asthma or heart 
failure, will result in mild retractions. One should not be misled into thinking 
that the patient has croup just because there are these mild retractions. After 
the diagnosis of croup is established, we have to decide as to what type of 
croup it is, and the first thing we do is to find out whether the patient is 
hoarse. If he can speak, well and good. If not, make the child cry and note 
whether there is any hoarseness. If the voice is clear, the obstruction is above 
or below the vocal cords, and one should suspect some other etiology than 
infection — for example, foreign body, or any one of a number of conditions 
which may cause stenosis of the windpipe. The parents should be closely 
questioned as to the possibility of aspiration of a foreign body, whether the 
child had eczema, or was exposed to any contagious disease, also whether 
there is asthma in the family. If, on the other hand, the patient is hoarse, 
the chances are quite likely that you are dealing with a case of infectious 
croup, and the next question that arises is, Is this a case of diphtheria or 
nonspecific infection? Unless one is absolutely certain that there has been a 
negative Schick test in the past six months, every case should be considered 
diphtheria unless proved otherwise, and I would advise that every case of 
croup with retractions and hoarseness be admitted to a hospital where proper 
facilities for treatment of this condition exist. As was mentioned here by 
Dr. Kramer at one of the recent meetings, stridor should not only be heard but 
seen, and every case of croup deserves a direct laryngoscopy to determine its 
cause. In skillful hands, the procedure is harmless and yields a wealth of 
information necessary in the treatment. We can see whether the obstruction 
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is due to edema, membrane, mucopurulent exudate, spasm or any combination 
of these. A direct laryngeal culture should be taken. 


A brief review of the living pathology of this condition will be of value. In 
both diphtheritic and nonspecific croup ,the pathological expression is the same; 
namely, edema, membrane formation, mucopurulent exudation and spasm. 
They differ only in frequency and in degree. Thus, edema and mucopurulent 
secretion are more apt to occur in the nonspecific variety, and membrane in 
the diphtheritic type; however, I have seen thick, fibrinous membrane in severe 
streptococcic infections, and only edema or edema with mucopurulent secretion 
in diphtheria, The final diagnosis rests with the laboratory, and here, too, I 
would like to caution you to add cultures of the nose and throat for greater 
accuracy in bacteriological diagnosis. 


I won't go into the treatment very much—certainly not the palliative 
treatment, except to say that one of the most important factors is the attempt 
to tide over a patient without having to resort to mechanical intervention. 
There should be, first, very active use of antipyretics, particularly sponges; 
secondly, administration of oxygen; and lastly, as absolute rest as possible, all 
treatments to be done at one time. These things cannot be over-emphasized. 
I have seen many patients admitted to the ward, who, on admission, seemed 
to be in urgent need of mechanical intervention, but were tided over in this 
way and made uneventful recoveries; however, these patients must be watched 
very closely, and the judgment as to how long one can safely wait can be 
acquired only after long experience. 


If mechanical intervention is required there are three methods at our dis- 
posal: suction, intubation and tracheotomy. I haven't the time to go into the 
indications for these, except to say that suction is used when there is some- 
thing to remove. Dr. Wilson has described the Willard Parker suction tube. 
With this, rapid and effective aspiration can be performed without the use of 
a bronchoscope. Intubation is used only when the obstruction is due to sub- 
glottic edema. Many men have condemned the use of intubation, and even as 
recently as last year two papers were published in which the use of intubation 
is condemned, but suction was not used in conjunction with it. They stated 
that suction was apparently deserving of a trial. Anybody who uses intubation 
without suction will have poor results, and these results are without value for 
purposes of comparing them with results in tracheotomy. By use of suction- 
intubation, tracheotomy has become an emergency procedure at the Willard 
Parker Hospital only in cases of supraglottic edema. Dr. Wilson has told you 
about the other indications in which tracheotomy is performed by choice; 
namely, in cases where the tube is coughed up or blocked up too frequently, 
or there is danger of the patient becoming a chronic tube carrier. Supraglottic 
edema is a very important condition and differs remarkably from subglottic 
edema. The most striking feature about it is its treacherousness. I have seen 
patients apparently quite well, breathing with very little difficulty, who in the 
next few minutes have suddenly suffocated and died. The reason for this is 
that in supraglottic edema there may be considerable swelling, but the swollen 
tissues bulge into the pharynx so that there may be very little respiratory 
obstruction ; however, a sudden cough, deep breath or even a change of posi- 
tion may displace these waterlogged tissues so that they are suddenly drawn 
into the glottis. With each succeeding frantic inspiratory effort, the tissues 
are jammed down more tightly and the patient may become asphyxiated before 
a tracheotomy can be done. For this reason, every suspected case of supra- 
glottic edema should be hospitalized at once and a tracheotomy performed as 
soon as possible, rather than risk sudden asphyxiation. Intubation in these 
cases is very dangerous because the swollen tissues are displaced around and 
over the tep of the tube so that sudden plugging may ensue. A pathognomonic 
sign of this condition, which I described some years ago, is the characteristic 
respiratory sounds. There is a low-pitched inspiratory stertor, followed by a 
louder and lower-pitched, coarse, expiratory rattle resembling a snore. This 
sign can be simulated by trying to gargle with the mouth dry. This snore 
is heard often during sleep, but not when the patient is awake, and if it is 





876 SOCIETY PROCEEDINGS. 


heard in a patient who is awake, the patient should be taken to the hospital 
at once and a confirmatory laryngoscopy should be performed. 


In conclusion, I would simply like to state this: that the treatment of these 
cases is so specialized, and the prognosis so serious, and the opportunity for 
acquiring intimate knowledge through personal experience is usually so slim 
in each individual case that I think it would be wise for general hospitals to 
assign the care of these patients to a small group of laryngologists and pedia- 
tricians, who could thus become more familiar with the special problems 
encountered in this disease and, therefore, better able to help these children. 





